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Deralts of the nuclear and cell division in the development 
of the pollen grain in these plants were first studied in Symplo- 
carpus feetidus, an abundance of favorable material having been 
secured and satisfactorily preserved during the winter of 1897-8. 
When it afterwards seemed well to study another plant in the 
same order, Professor Atkinson kindly put at my disposal mate- 
rial of Peltandra undulata which he had collected two years ear- 
lier. The latter material was also well fixed and preserved ; but 
since it gave fewer developmental phases, Peltandra has been 
used largely by way of comparison with Symplocarpus. In gen- 
eral, these two plants agree in important phases of the cell activ- 
ities, but there is considerable variation in some details. 

The origin of the primitive archesporium was not studied in 
either plant, but in Peltandra there were found stages showing 
the divisions in the archesporial cells. These divisions are of 
the normal vegetative type; the number of chromosomes present, 
moreover, is that characteristic of the sporophyte. 


THE RESTING ARCHESPORIAL CELL AND ITS NUCLEUS. 


In Symplocarpus the cells of the definitive archesporium pass 
the late fall and early winter months in the resting condition. 
81 
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Except in the size of the cells, no change was noticeable from 
early November to about January I. 

In the resting stage the cytoplasm is closely netted in the vicin- 
ity of the nuclear membrane, but there is no indication of a felt-like 
mass of kinoplasm. The nuclear membrane is more clearly defined 
than during the prophase of division. The nucleolus is more 
or less spherical, usually with at least one slight projection in view, 
the latter seeming to unite the nucleolus with the general retic- 
ulum. With gentian violet in the Flemming combination, the 
nucleolus stains a homogeneous purple; but with haematoxylin 
minute vacuolate appearances are often noted. Two or three 
smaller bodies resembling nucleoli may be present, and they are 
usually attached to distant parts of the reticulum. 

At this time the reticulum is very slightly chromatic. It is 
loosely netted, with an indication of smaller knots at the anas- 
tomoses, and numerous small chromatin granules are scattered 
on the thread. In the reticulum stage, in fact, the nucleolus is 
the only nuclear structure which takes the chromatin stain freely, 
and very little indication of the safranin is retained after the use 
of the gentian violet. 


SYNAPSIS. 


Changes in the resting nucleus leading to the first evidence 
of a spirem and to the condition of synapsis have not been found 
abundantly. The threads of the reticulum become somewhat 
thicker, and the scattered granules upon it stain more deeply. 
Invariably these changes seem to precede that contracted condi- 
tion of the linin network, or early spirem, well known as synap- 
sis. Synapsis has been found abundantly at.a definite period 
in the development of the pollen grains in these plants. In 
Symplocarpus there was no indication of this condition in mate- 
rial collected before the latter part of December; but for more 
than a month afterward it was often found, along with other 
stages, either later or earlier. 

In both of these plants during the condition of synapsis the 
nucleolus becomes slightly wasted in appearance. The linin 
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framework contracts, at first irregularly. Finally it becomes 
closely pressed together, or “balled up,” so that individual linin 
elements cannot well be distinguished, except where there are a 
few loose ends apparently serving for attachment to the nuclear 
membrane (fig. 7). The nucleolus is usually embraced in this 
contracted mass on one side, so that it protrudes prominently. 
Even in this condition, one or more slight projections on the 
nucleolus may sometimes be seen on the side near the contracted 
mass. The interwoven linin substance takes a diffuse stain. In 
the general mass there are also globules of a deeper staining 
substance. The nucleus does not become spread out against the 
wall, as described in some cases;* but it is usually situated on 
the side of the contracted mass distant from the wall. The con- 
tracted mass is either in contact with the nuclear membrane, or 
connected with the latter by linin threads. 

During synapsis the cytoplasm becomes more loosely netted; 
and in Symplocarpus there is often an assemblage of kinoplasmic 
elements in that part of the cell which contains the greatest 
amount of protoplasm. These fibers are hardly so arranged as 
to be termed a cytoaster ; and their general position may be either 
radial or oblique to the wall. A considerable number of large, 
deeply - staining granules are distributed in the cytoplasm. 
Another change which seems to be dependent upon synapsis is 
noted in the smaller nucleolar-like bodies of the nucleus. As 
separate bodies, any of these which may have existed in the rest- 
ing condition disappear during synapsis, or they become closely 
adherent to the nucleolus and indistinguishable from the budded 
appearance of the nucleolus in the spirem, as mentioned later. 

Synapsis has been found at a definite stage in the sporogen- 
esis of many plants.? The marked differences noted in the stages 


*SARGANT: The formation of the sexual nuclei in Zi/iam Martagon. 1. Oogen- 
esis. Ann. Bot. 1: 457. 1896. 

?Cf. a@) FARMER: On spore formation and nuclear division in the Hepatice. 
Ann. Bot. 9: 473, 481, 490. 1895. 

6) STRASBURGER: Theilungsvorgang des Zellkerne, figs. 3, 66. 

c) CALKINS: Chromatin-reduction and tetrad-formation in pteridophytes. Bull. 
Torr. Bot. Club 24 : fg. 3. 1897. 

d) SARGANT: ¢., also, II, Spermatogenesis. Ann. Bot. 11: 187. 1897. 
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before and after this condition indicate that in some obscure way 
it must have an effect in the distribution of chromatin to the 
spirem ribbon. The changes evident on the return of the chro- 
matin substance from synapsis are gradual but well marked. All 
phases of the return from this condition and leading to the spi- 
rem stage may be traced in a single anther. 

It has been suggested by some that during the early pro- 
phase of division the cytoplasm is more difficult to fix, and from 
this difficulty may result the contraction termed synapsis. There 
is, however, little evidence for assuming that the cytoplasm is 
then so difficult to fix, nor is this condition a constant attendant 
of improper fixing during early prophase stages. The effect of 
diffusion currents, moreover, could not well produce such effects 
as found in Symplocarpus, since diffusion currents sufficiently 
strong to wrap the thread into a chromatic ball would hardly 
leave the nucleolus attached in the characteristic manner men- 
tioned. 

THE SPIREM STAGE AND SEGMENTATION. 

On freeing itself from the contracted condition by a gradual 
loosening of the coils, the spirem skein in Symplocarpus takes the 
gentian readily, and it is easily traced as one or few coils with 
no anastomoses. The wide looping of the coil is more evident 
at this period than at any other. The thread is then made up 
of numerous adjacent disks of chromatin substance almost homo- 
geneous with the linin connections. The chromatin disks become 
more distinct, and the ribbon spaces more noticeable; hence a 
somewhat nodulate appearance is presented, as in fig. 2. No 
evidence of a longitudinal splitting of the ribbon can be found 
at this time, 

During the initiation of the spirem stage the nucleolus has a 
distinctly budded form, sometimes consisting of a single large 
body and of one or two smaller ones closely united, or two of 
nearly equal size. It is often very clear that the spirem thread 
is connected with these nuclear parts. 

Following that stage in Symplocarpus where the spirem thread 
is uniform, there occurs a more abrupt bending and twisting of 
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the ribbon. Coincident with this, there is a thickening anda 
contraction in these looped regions. In some cases this thicken- 
ing seems to be uniform; but generally there are very definite 
chromatin masses. Gradually these chromatin masses increase 
in size, and most of the chromatin disappears from the connect- 
ing regions. 

The above changes lead to a condition very striking in appear- 
ance. At many places where thickening has occurred, there 
are several, usually about four, distinct chromatin aggregations 
(jig. 3). These are usually arranged in such a position as to 
suggest a division intwo directions; hence a tetrad in the sense 
of the Freiburg school of zoologists. In many other instances 
there are distinct links open at one end, although the chromatin 
is in masses in these links. Xand Y forms are much less common 
(jig. 4). A study of the changes leading to these conditions, 
however, seems to exclude the probability of tetrad-formation. 
Moreover, when viewed in the plane of the link there is indica- 
tion of a longitudinal division in the linin connections between 
the chromatin masses, but never very marked. It is probable 
that the ribbon bends upon itself abruptly in the regions of the 
thickened chromatin masses to make the link forms, and that 
diverging forms are to be ascribed to a partial separation and 
reunion at the bend. If we accept this interpretation each chro- 
matin group represents two chromosomes attached end to end 
and bent upon each other, with only a local indication of longitu- 
dinal fission, giving ultimately an effect such as others have 
described for Lilium; also for Helleborus, Podophyllum, Iris, 
and other plants. As these loops or chromatin groups increase 
in size, the indication of chromatin granules in the connecting 
linin diminishes. During early segmentation the prominence of 
these linin connections seems paralleled in certain Hepaticae 
studied by Farmer. 

During the aggregation of the chromatin into definite groups, 
important changes occur in the nucleolus. From the time when 
the large nucleolus is in close connection with one or more 


3 Loc. cit., p. 8, figs. 5, 6, gl. 
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smaller ones, the group gradually becomes fused, or the smaller 
bud-like processes disappear. The nucleolus is then drawn out 
in one or more directions so as to appear elliptical or triangular, 
or even rectilinear (figs. 3, 4, 5). It is, however, generally 
elliptical. Whatever may be the shape during this formative 
period of the chromosomes, the nucleolus is connected with 
certain linin threads, and it is evidently drawn out toward them. 
Often when the nucleolus appears circular in outline, by proper 
focusing certain attachments above or below may be seen. The 
fusiform and closely budded condition of the nucleolus was noted 
in living material, and I anticipated finding the Sickelstadinm 
of Zimmermann. 

The chromosomes increase rapidly in size with the gradual 
disappearance of the chromatin from the linin connections. 
The incomplete union of the two segments in the process of bend- 
ing back is often evident until the disappearance of the nuclear 
membrane, at which time the chromosomes tend to collect at the 
periphery of the nucleus. I have observed no protrusion of 
bundles of kinoplasm into the nuclear hollow before the separa- 
tion of the fibers forming the nuclear membrane. 

The spirem stage and the formation of the chromosomes are 
somewhat different in Peltandra from that which obtains in 
Symplocarpus, but I have fewer stages from which to draw conclu- 
sions. At no time can the spirem ribbon be distinguished as a loose 
coil. It twists and bends upon itself so freely as to suggest 
anastomoses (fig. 75). There are not such definite, granules 
upon the ribbon, and the staining is much more homogeneous. 
Nothing which could be interpreted as a general longitudinal 
division of the ribbon was observed. On the other hand, it 
gradually becomes thicker where there seem to be anastomoses, 
and with further growth the whole extent of the skein is much. 
shortened, and the chromatin thickenings are connected by slender 
threads, as in fig. 76. The nucleolus is often fusiform; but it 
never presents such exaggerated forms asin Symplocarpus. Each 


4ZIMMERMANN: Uber das Verhalten der Nukleolen wahrend der Karyokinese. 
Beitrage z. Morph. u. Phys. d. Pflanzen. 
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nuclear segment bends upon itself, as in fg. 77, and with further 
growth the normal size is attained. The cytoplasm in Peltandra 
is very loosely netted, and in the vicinity of the nuclear mem- 
brane a marked radial arrangement of kinoplasmic fibers is evi- 
dent during the late stages of chromosome formation, as has been 
abundantly described and figured (figs. 77, 18): 


THE FIRST DIVISION. 


On the disappearance of the nuclear membrane in Symplo- 
carpus the kinoplasmic fibers entering the nuclear hollow are 
quickly oriented as a multipolar spindle with rather indefinite 
apices. The chromosomes are irregularly disposed on these 
fibers. The next most abundant stage is a multipolar spindle of 
very few poles, as in fig. 6. Finally a bipolar spindle is formed, 
the apices of which do not end in a very definite point (fig. 8). 

When arranged upon the nuclear plate, it is difficult to inter- 
pret the exact form of the chromosomes in Symplocarpus, as they 
are so short and thick that fission lines and lines of union are 
almost indistinguishable. Looking down upon the chromosomes 
in an axial view, they seem to be somewhat quadrangular. A 
side view of a single segment shows the line along which sepa- 
ration will take place; anda polar view, fig. 7a, seems to indicate 
that the knee representing the original bend must be directed 
toward the center. It would be difficult at this stage to deter- 
mine which plane represents the longitudinal fission and which 
the line of union of the doubled segment. The fission in a 
median plane is more distinct, and the external tips separate 
farther in this plane, as at a, fig. 7. Usually this is so evident, 
even before there is any separation of the daughter segments, as 
to make credible the view that they are so disposed as to sepa- 
rate qualitatively at the first division. 

In Peltandra there is a less definite multipolar spindle than 
in Symplocarpus, although in the former the general form of a 
multipolar spindle is evident (fig. 79). With the completion of 
the bipolar form, the chromosomes are both centrally and periph- 
erally disposed. The complete spindle is drawn together loosely 
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at the poles. There is a tendency for the polar cytoplasm to 
arrange itself radially. 

The short chromosomes of Peltandra, which are sometimes 
of a short Y form are closely arranged on the nuclear plate, evi- 
dently with the knee inward. In the vicinity of the knee are 
attached the spindle fibers. If there is then any noticeable sepa- 
ration, indicating double V or Y forms, this separation is in the 
equatorial plane, thus giving the normal nuclear plate arrange- 
ment with longitudinal fission. The form of the chromosomes 
during the separation into the daughter segments (fig. 20) sup- 
ports this view. The form of the short daughter segments scon 
after separation is somewhat oblong heart shaped, since the 
angles of the V and Y forms seem to shorten and to fuse. 

If, however, my interpretation of the condition of things in 
Symplocarpus is correct, the separation at the nuclear plate stage 
of the first division brings about a transverse division. Then, as 
suggested to me by Professor Atkinson, the closely following 
second division would provide for the separation of the segments 
marked out by the first division. Korschelt® states that in 
Ophryotrocha puerilis reduction is effected during the first 
division. 

There are about twenty-two chromosomes, and when they are 
arranged on the nuclear plate, a polar view may give the idea 
that they are variously fused. This appearance, however, is only 
due to the fact that the staining does not make evident the lines 
of contact, and a slightly oblique view aids the deception. 

Radiations as of extra spindle fibers, which in some way are 
set free during the splitting of the chromosomes, veil the central 
spindle, and reach out almost to the periphery of the cell in the 
middle diameter of the spindle. 

Cytoplasmic granules staining deeply are quite numerous in 
peripheral regions, and in Peltandra they are exceptionally large. 
In all stages of the developing and complete spindle, special 
attention has been given to the polar region, but in no case has 
there been any indication of bodies that might be taken for 


5 Zeitschrift fiir wiss. Zodlogie 60 : 543-688. 
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centrosomes, although the cytoplasmic granules may appear in 
this region as well as in all other portions. 

Although irregular in outline, in the daughter nuclei the 
chromosomes remain more or less distinct in Symplocarpus, and 
connected to one another by linin threads (fig. 9); while in Pel- 
tandra the chromosomes are more closely united into a dispirem 
ribbon, and not readily differentiated (fig. 27). In neither case 
is there any reappearance of the nucleolus before the second divi- 
sion is entered upon, this being in marked contrast with what 
obtains in certain dicotyledons under study at the same time — 
especially Bignonia. 

In the telophase of division in Peltandra, the kinoplasmic 
fibers largely disappear from the middle portion of the cell after 
the formation of the cell plate has begun, and these fibers are 
then found to be abundantly concentrated at the periphery. 
They pass around in the plane of the long axis of the nucleus, 
entirely surrounding the latter. They form a complete weft 
around the periphery of the daughter cells, especially adundant 
in the equatorial region (fg. 27). When the development of 
the cell plate is complete, and the two daughter cells are distinct, 
these radiations are separated at the extreme edge; and from 
that point they radiate as before (fig. 22). They are evidently 
concerned in the formation of an independent wall, even in the 
two-cell stage. 


THE SECOND DIVISION. 


After the first division in Symplocarpus, some peculiar con- 
dition renders staining a very difficult process. The safranin- 
gentian-orange gives a diffuse pink in the general cytoplasm, 
and the chromosomes appear indefinite in outline. Iron hae- 
matoxylin often works to better effect if the sections are deeply 
stained and much decolorized. In this stage it is necessary to 
make the sections very thin. The difficulty in staining persists 
until the microspores become free, and then again the material is 
favorable. The second division has not been studied in Pel- 
tandra. 
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With the disappearance of the nuclear membrane, there 
is formed a clearly defined multipolar spindle, whose general 
axes from the first are perpendicular to the plane of the first 
division. This readily becomes bipolar in the usual manner. 
The form of the chromosomes as arranged on the nuclear plate 
is more or less quadranglar in front view, and oblong as observed 
from the poles. Viewed axially, there is an evident line of 
splitting, and on fission there result short, rod-shaped, daughter 
segments. The character of this division, of course, depends 
largely upon the character of the first division, and the doubt 
involved in this first division cannot now be cleared up. 

After the formation of the four nuclei denoting the future 
microspores, there is a siight reappearance of spindle connections 
between the daughter cells, or, rather, secondary spindles are 
differentiated with very delicate spindle fibers. 


THE MICROSPORE. 


Upon the dissolution of the mother-cell membrane, the 
tapetal cells become free, and wander in between the maturing 
microspores. Coming in contact with these forming microspores, 
the tapetal cells lose their identity as distinct cells, forming a 
general protoplasmic stratum, in which the nuclei persist for 
some time. Imbedded in this nourishing layer, the microspores 
rapidly increase in size, atthe same time assuming a thicker 
wall. 

When first freed from the mother-cell membrane, the nuclei 
of these microspores do not show a single definite nucleolus. 
Instead, there are usually several irregular masses, which con- 
stitute the chromatin content. With the maturity of the spores, 
a single large nucleolus, more or less spherical in form, is evident, 
although there may be one or more much smaller bodies staining 
similarly. 


DIVISION OF THE MICROSPORE NUCLEUS. 


In neither plant has the spirem stage of this division been 
studied in detail. In Symplocarpus the earliest preparations of 
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the spirem show numerous distinct chromatin granules on a com- 
paratively short ribbon. The ribbon soon becomes much 
thickened, with many sudden bends and irregular twists, larger 
chromatin masses being evident at definite places. By its 
bendings the whole ribbon seems to be marked off into definite 
segments, as in fig. ro. At this stage often the connection of 
the ribbon with the nucleolus may be seen. Immediately pre- 
ceding actual segmentation, as well as afterward, each forming 
segment has its chromatin massed toward the ends. A longi- 
tudinal splitting of the segment is then evident, thus somewhat 
imitating a characteristic of heterotypic division. On separation, 
or complete segmentation, the form of the chromosomes is that 
of a double half link. 

With approaching division, the nuclear cavity increases 
somewhat in size, and the chromosomes are in the vicinity of the 
nuclear membrane. The nucleus is in a position near that wall, 
along which, apparently, the microspore was adherent in the 
mother cell. With the gradual opening of the network forming 
the nuclear membrane, kinoplasmic threads enter the nuclear 
hollow largely from the region of the greatest cytolasm; and 
no previous radial arrangement of these threads is noticeable. 

In the forming spindle of the microspore nucleus, an inter- 
esting variation from the normal type of multipolar spindle 
prevails. The fibers readily take up a position more or less 
perpendicular to the wall near which the nucleus is located. 
These fibers arrange themselves in contact with this wall at many 
points, or ina subpolar manner. At the opposite or free end 
there are at first, also, false poles. There is then a multipolar 
spindle in an axial plane. Finally, at the free end, the clusters 
are usually drawn together into a single pole, or what is approxi- 
mately a single pole. The complete spindle is thus truncated 
at one end, and more or less conical at the other (fig. 77). 

When arranged in the nuclear plate, the ends of the chromo- 
somes point outward, and on account of the loop form there 
appear to be more chromosomes in the periphery than are 
really present. As in the case of the pollen mother-cell divisions, 
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the chromosomes are loosely arranged throughout; and the 
metaphase proceeds with separation of the daughter segments 
at the split previously indicated. In the anaphase, when drawn 
to the fixed pole, the chromosomes are arranged as if in close 
contact with the membrane adjacent. 

From the position of the microspore nucleus just previous 
to this division, it is to be noted that the spindle is further 
peculiar on account of its orientation in a plane perpendicular to 
the greatest mass of protoplasm. There is some evidence that 
the nucleus of the microspore constantly remains in the vicinity 
of that wall of the microspore which was in contact with the 
other spores in the group of four, yet certainly not in contact 
with this wall. Since this wall is usually in a plane perpendicular 
to the greatest mass of protoplasm, this may partially account 
for the constant orientation of the spindle. The free pole 
of the complete spindle occupies approximately the center 
of the spore, hence the axis of the spindle is about equal to 
half the short diameter of the spore. In this division the 
sudden disappearance of the large nucleolus is a matter of 
some interest, in connection with other observations previously 
given upon this organ. In some cases large fragments of 
nucleolar-like substance seem to be entangled in the fibers of 
the developing spindle, and in several cases a large mass of 
this material has been found at the free pole, and appar- 
ently held between the fibers.© Moreover, in accordance with 
the observations of many others, I noticed only a few deeply 
staining granules in the cytoplasm previous to the disappearance 
of the nucleolus; but in the anaphase and telophase stages of 
division they are especially abundant in the vicinity of the free 
pole. They do not, however, disappear with the formation of 
the daughter nuclei, persisting for a time, but disappearing 
almost entirely before the pollen grain is mature. 

The general effect of the division of the microspore nucleus 
is well known, but some details may be mentioned, particularly 


© DEBSKI: Beobachtungen iiber Kerntheilung bei Chara fragilis. Jahrb. f. wiss. 
Botanik 30: 227. 1897. 
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concerning the cell division. Invariably a cell plate separates 
the daughter nuclei, and the concave side of the forming mem- 
brane is toward the small, generative nucleus (fig. 72). Gener- 
ally the generative cell is cut off by a distinct wall, and in the 
pollen grain two principal types of generative cells are seen. 
In the first place, the strongly convex membrane necessitates 
the formation of an oval cell, and the large vegetative cell 
grows Closely around it. The smaller cell is, as it were, drawn 
into the protoplasm of the surrounding cell, and thus the 
former becomes more nearly spherical in outline. The generative 
cell at first contains considerable cytoplasm, but this is gradu- 
ally lost, although the shrunken wall remains, as in fig. 73. 
Whether taken into the protoplasm or not, the space between 
the walls of the vegetative and generative cells is evident, and 
remains surrounding the generative cell as a distinct court. On 
the other hand, the generative cell may remain closely adherent 
to the wall for some time, and in this case it is sometimes oval, 
but usually distinctly fusiform or lens-shaped, sooner or later. 
The fusiform cell usually remains attached until germination of 
the pollen grain. As before, the cytoplasm largely disappears, 
and there remain only small courts on each side of the oblong 
nucleus. In some cases the nucleus itself becomes fusiform, 
and it is difficult to distinguish the enveloping walls. 

In the division of the microspore nucleus in Peltandra, the 
spirem ribbon is longer and more complicated than in Symplocar- 
pus; and on segmentation the chromosomes are longer. As the 
daughter segments pass to the pole, they are distinctly U or V- 
shaped, as in fig. 24. The spindle is formed much as in Sym- 
plocarpus, being somewhat multipolar at the pole which is in 
contact with the wall layer; and at the free pole the apices do 
not closely converge, as shown in fig. 23. In Peltandra, more- 
over, it is not such an open question as to the influences deter- 
mining the position of the nucleus in the mature miscrospore. 
A large vacuole occupies much of the contents of the micro- 
spore, and this seems to be an efficient means for the orientation 
of the nucleus in such a position that one pole of the spindle 
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may be in close contact with the wall of the spore; the resulting 
division gives again the characteristic difference in the size of 
the cells. In this case, however, the plane of the spindle is usu- 
ally in the plane of the long diameter of the spore. 

With the orientation of the microspore spindle so fixed as it 
is in these plants, it is easy to explain the dissimilarity in the 
size of the resulting cell-bodies. In this division, moreover, 
there is evidently equal division of the chromatin, as there is in 
all normal karyokinesis. The smaller nucleus resulting can have 
nothing to do with the chromatin content, and must depend upon 
its relation to the smaller cell body. From the zoological point 
of view, unequal segmentation as a factor in diffentiation is 
fundamental, and various speculations have been entered upon 
as to the cause of unequal division of the cell-body. Wilson? 
prefers Conklin’s* view, that the cause lies in some relation 
between the karyokinetic figure and the cell body in which it lies. 
The inequality in the sizes of the nuclei in the pollen grain, more- 
over, might be explained largely from the unequal cell divisions. 
In those cases, however, of division in the microspore where it is 
reported that no cell wall is formed, we must assume that at 
least a transient plate or membrane must be formed in order to 
regulate the sphere of activity about each nucleus, and hence, 
probably, the size of each nucleus. 

In Symplocarpus there was no division of the generative 
nucleus in the pollen grain. Germinated pollen was obtained in 
a few hours by sowings on pith in 3 per cent. sugar solution. 
On a moist day I also found germinated pollen in the bract of 
the flower, but this is unsatisfactory to work with on account of 
the difficulty of taking it through the embedding process. I did 
not secure spindle stages in the division of the generative cell, 
but enough was secured to show that division occurs soon after 
the nucleus passes into the pollen tube. The vegetative nucleus 
usually passes into the pollen tube first and does not deteriorate 
until after the division of the generative cell. The generative 

7 The cell in development and inheritance 275. 


® The fertilization of the ovum. Biol. Lect. Marine Biol. Lab. Boston, 1894. 


i 


1900 | DEVELOPMENT OF THE POLLEN GRAIN 95 


nucleus passed into the pollen tube while still inclosed within 
its cell membrane ; and several preparations showing stages fol- 
lowing division indicate that a membrane surrounds the two 
nuclei for some time (fig. 747). From the same figure it will be 
seen that the chromosomes of the daughter nuclei have not 
formed a dispirem, but remain for some time in the segmented 
form. What the form of these nuclei may be at a later stage, I 
have not been able to determine. 


NOTES ON MATERIALS AND ON METHODS. 


Collections—I1n Symplocarpus I failed to secure any material 
earlier than October 1, and at this time the definitive microsporic 
archesporium was formed, and the nuclei of the pollen mother 
cells were well in the resting condition. The resting condition 
was found as late as January 1; but much of the material col- 
lected during late December and early January was in synapsis. 
Division of the pollen mother-cells occurred abundantly during 
the first warm days of February. Although a true spike, the 
order of maturity of the anthers in Symplocarpus is acropetal, 
in spite of the fact that the receptivity of the stigmas is often 
synchronous. It is essential in collecting material to make an 
examination of a median anther to ascertain the general stage of 
development, although in exceptional cases there may be great 
variation in a single spike. It is not uncommon to find all stages 
from an early spirem toa late stage of division in the pollen 
mother-cells. However, the development seems to go somewhat 
in waves. Usually all are in synapsis at the same time; then 
there is a rest after the second division of the pollen mother- 
cells, and there is no actual division of the microspore nucleus 
in any anther until at least the spirem stage of this division has 
been reached by all. 

For the best penetration of the fixative, it is necessary to 
open the anthers, and this is readily effected wholesale by shav- 
ing off a little of the outer portion of the spike. The stamens may 
be again cut off next to the surface of the axis, and readily sepa- 
rated from the parts of the perianth. After fixing twenty-four 
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hours, the material was washed for a few hours, and then 
carried through several grades of alcohol to 70 percent. It was 
necessary to decolorize with peroxide of hydrogen, and this can 
be done advantageously by mixing it with alcohol to a strength 
of 70 per cent. alcohol. 

After dehydration with absolute alcohol, cedar oil has been 
used as an infiltrating agent. A small quantity is poured into 
the absolute alcohol, and into this the material soon sinks. 
When clear, a change to pure cedar oil is made for a number of 
hours, then into a mixture of paraffin and cedar oil, and finally 
into pure paraffin for a few hours. A change of the pure paraf- 
fin is well, in order to rid the tissues of all cedar oil; for a 
trace of the latter may cause electrification and crushing in sec- 
tion cutting. 

Staining. —A modification of Flemming’s triple stain of 
safranin, gentian violet, and orange was relied upon primarily, 
but quite generally supplemented with iron haematoxylin and 
orange. In using the triple stain, various safranins were used ; 
but with Symplocarpus a final effect of the safranin was of no 
value, and it was quite generally discarded for a double stain of 
gentian violet and orange. Ehrlich’s gentian violet was used, 
and for some stages short staining with the strong solution 
would suffice; but in cases where there was difficulty in staining 
the spindle fibers, or cytoplasmic radiations, it was found much 
better to stain from eighteen to twenty-four hours in a tumbler 
of water containing about one cubic centimeter of the gentian. 
The orange was used from a fraction of a minute with spindle 
stages to several minutes with mrturc pollen grains. After the 
orange, I have found it advisable to wash out most of the surplus 
gentian in absolute alcohol, or rinsing at first with 95 per cent. 
alcohol, if desired. Differentiation with clove oil was effected 
by simply dashing the slide with the oil, since a much longer 
action often causes a loss of detail. The sections are then fixed 
and cleaned in bergamot oil before mounting. In some cases 
it is well to dash with bergamot oil before differentiating the 
orange with clove oil, especially in stages where the gentian is 
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very readily lost; for in such stages clove oil must be used very 
cautiously. In plants whose cytoplasmic structure is very 
loosely netted, these precautions are unnecessary. In general, | 
have secured better differentiation of the chromosomes, or rather 
more distinct outlines, by using strong gentian. On the other 
hand, spindle effects are usually superior from the use of dilute 
stains. Considerable experimentation is necessary in order to 
determine what is the best method of procedure for each plant 
studied ; but for this purpose time may well be afforded. 

Iron hematoxylin gave some brilliant results where the 
Flemming combination was least effective, as in the second 
division of the pollen mother-cells of Symplocarpus, and espe- 
cially in stages of the maturing pollen grain and of the dividing 
microspore nucleus. It was found well to keep the sections in 
the iron alum for more than an hour, and then to stain in hama- 
toxylin from twenty-four to thirty-six hours, from which a better 
differentiation results. Otherwise, it is difficult to get such a 
distinct effect in the chromosomes when the cytoplasm is prop- 
erly decolorized. 


BoTANICAL DEPARTMENT, 
CORNELL UNIVERSITY. 


EXPLANATION OF PLATES I AND II. 
PLATE I, Symplocarpus fetidus. 

All figures drawn with the aid of the camera lucida, at 12 ins. projection, tube 
length 155™™",; nos, I-12, 14-19, and 21-24 with comp. ocular 8 and hom. imm.; 
no. 13, ocular 3 and objective as k2fore; no. 20, comp. ocular 18 and objective as 
before. 

Fic. 1. Nucleus in synapsis; peculiar orientation of kinoplasm in the 
cytoplasm. 

FiG. 2. Spirem stage in which the chromatin disks are prominent on the 
linin framework. 

Fic. 3. Early development of the chromosomes; chromatin appearing in 
tetrad-like groups; fusiform nucleolus. 

Fic. 4. A segmentation stage in which loops and X and Y forms are 
abundant. 


Fic. 5. Forms of nucleoli not infrequently observed. 
Fic. 6. Multipolar spindle with only a few prominent poles. 
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Fic. 7. Complete spindle of the first division, showing the form of the 
chromosomes on the nuclear plate; 7a, a polar view of chromosomes as 
arranged on nuclear plate. 

Fic. 8. Pollen mother-cell during an early anaphase of division. 

Fic. 9. Daughter nuclei with chromosomes distinct, but irregular in form ; 
early stage of cell-plate formation. 

Fic. 10. Microspore nucleus in an early stage of segmentation. 

Fic. 11. Peculiar spindle of the microspore division. 

Fic. 12. Daughter nuclei resulting from the division of the microspore 
nucleus. 

Fic. 13. Pollen grain with small generative cell surrounded by its court, 
but free in larger vegetative cell. 

Fic. 14. Pollen tube showing sperm nuclei and deteriorating vegetative 
nucleus. 

PLATE Il, Peltandra undulata. 

Fic. 15. Nucleus in spirem stage. 

Fic. 16. An early stage in the segmentation of the chromosomes. 

Fic. 17. Radial arrangement of kinoplasm in pollen mother-cell; chro- 
mosomes differentiated. 

Fic. 18. Pollen mother-cell with kinoplasmic weft in the vicinity of the 
nuclear membrane at the time when the latter begins to disappear. 

FIG. Ig. A stage in the development of the rather indefinite multipolar 
spindle; chromosomes occupying a central position. 

Fic. 20. Complete spindle of the first division, also showing the separa- 
tion of the segments. 

Fic. 21. Daughter nuclei resulting from the first division of the pollen 
mother-cell; cell plate forming at the periphery. 

Fic. 22. Daughter cells showing the peculiar arrangement of the kino- 
plasm at the completion of the cell division. 

Fic. 23. A division of the microspore nucleus, showing the characteristic 
spindle. 

Fic. 24. An anaphase stage in the division of the microspore nucleus. 
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A CONTRIBUTION TO THE LIFE 
SILPHIUM. 


CONTRIBUTION FROM THE HULL BOTANICAL 
LABORATORY. XVII. 


HISTORY OF 


WILLIAM DAYTON MERRELL. 
(WITH PLATES I1I-x) 
INTRODUCTION. 


THE flowers of Compositae are favorable for morphological 
study, in that several closely connected stages may be obtained 
in a single section. The broad outlines of the organogeny of 
the flower were early discovered, and it has only remained for 
later investigators to examine the more minute details. 

Aside from an interest in the family as being the highest 
among dicotyledons, the division of labor among the flowers of 
a head deserves attention. This is carried so far in Silphium 
that the ray-flowers are ovulate and without stamens; while the 
disk-flowers are staminate and without ovules, the style never 
forking. It might be expected that some transitional stages in 
the abortion of stamens or of ovules could be found, and the 
present study was undertaken with that in view. The results 
obtained in this particular were very meager, but the investiga- 
tion led to the discovery of several unexpected phenomena, 
which are herewith presented. 


MATERIAL AND METHODS. 


The material was collected during the summers of 1896, 
1897, and 1898, in the vicinity of Chicago. Unfortunately, most 
of the collections had to be made in the latter part of the day, 
and this probably accounts for the small number of cells found 
in process of division. Even in the youngest buds it was found 
to be advantageous to pick off the outer involucral scales, partly 
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because they interfered with the rapid penetration of the fixing 
fluid, but more especially because their brittleness very quickly 
spoiled the edge of the microtome knife. The older akenes, con- 
taining embryo-sacs or embryos, were picked off separately, and 
cut one at a time. 

For fixing the early stages of development, as well as the 
mature embryo-sac structures, the best results were obtained with 
a I per cent. solution each of chromic acid and acetic acid. A 
weaker solution, containing 0.7 per cent. chromic acid and 0.3 per 
cent. acetic acid, worked well, especially when the specimens were 
first dipped for a moment in alcohol. Flemming’s weaker solu- 
tion was tried for killing embryo-sac stages, but was abandoned 
as being unnecessary. A saturated solution of picric acid in 70 
per cent. alcohol, with a small addition of acetic acid, was fre- 
quently used, and was found to be by far the best for all stages 
of embryos, as it penetrated the hard ovary wall more quickly. 
After dehydration the objects were brought through xylol into 
paraffin, and cut in serial sections. 

Delafield’s haematoxylin, either alone or followed by ery- 
throsin, was found to be the best stain for floral development 
stages and for embryos. For embryo-sacs, safranin-gentian- 
violet, cyanin-erythrosin, and Heidenhain’s iron-alum-haema- 
toxylin were used ; also a combination of fuchsin and iodin-green. 
For the nuclei within the pollen grains, safranin-gentian- 
violet, and especially the iron-alum-haematoxylin, gave good 
results. 

The following five species of Silphium, growing near Chi- 
cago, were examined, a more or less complete series in each 
being made: S. ¢ntegrifolium Michx., S. trifoliatum L., S. terebinthi- 
naceum L.., S. laciniatum L., and S. perfoliatum L. Most of the 
statements apply to all these species, hence no attempt will be 
made to separate them in the account, excepting in cases where 
points of specific difference are under discussion. 

My acknowledgments are due to Professor John M. Coulter 
and to Dr. Charles J. Chamberlain for great assistance rendered 
during the course of the work. 
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ORGANOGENY OF THE FLOWER. 

On account of the difference in the development of the disk 
and ray flowers, it is necessary to consider the two separately. 
It has been found, also, that a clear understanding of the sequence 
and relations of the organs in the disk flowers assists greatly in 
the interpretation of the more irregular development of the ray 
flower. 

Disk flowers—The earliest appearance of the disk flowers 
upon the receptacle is shown in fig. 7, the broader protuberance 
(@) being the receptacle of the individual flower, and the nar- 
rower one (r,) the subtending bract. A second bract (ér,) is 
just appearing. Just before the appearance of the first floral 
organs the receptacle is of the form shown in fg. 2, d,, being 
somewhat broader than high, and very symmetrical in outline. 

The outline of the receptacle soon becomes angular by the 
upward growth of a marginal ring (fg. 2, d,, fig. 3), which is 
the beginning of the corolla tube. In fg. ¢ the corolla tube has 
begun to curl inward over the top of the flower, and an inner set 
of five hemispherical protuberances (st), the young stamens, 
have appeared. The appearance of the carpels (4, figs. 5, 6) is 
accompanied by a broadening of the receptacle, which regains 
its original proportions as the stamens and carpels acquire a more 
erect position (figs. 7, 8). 

In figs. 7 and g a notch may be seen on each side at the 
base of the corolla, just above an annular swelling. This ring 
marks the position of the calyx, which soon appears (fig. 70, pa) 
as a rudimentary pappus of two or three whorls of short hairs, 
each hair consisting of about three cells (fig. 77). The nectary 
consists of a ring around the base of the style (fig. 9, 7). 

Martin’s account for Aster and Solidago (19) agrees in a 
general way with the account of Silphium here given. However, 
he finds the calyx in those forms arising much earlier, in fact 
almost simultaneously with the stamens. 

It is well known that in many Compositae the base of the 
style is spirally coiled, and the straightening of this spiral at 
maturity constitutes the stylar thrust by which the pollen is 
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brushed out of the stamen tube. My preparations show no such 
device in Silphium. A comparison of figs. 9, 70, zz shows that 
while at one time the style is actually longer than the stamens 
(fig. 10), the stamens soon overtake the style again (fig. 17). 
As this is in a flower where the pollen-mother cells have reached 
a late synapsis stage, and the maturity of the pollen follows rap- 
idly, it would seem hardly probable that the style could become 
coiled before the dehiscense of the anthers. The stylar thrust 
seems to be accomplished rather by an actual increase in the 
length of the style, partially, at least, by mere cell elongation. 

It will be seen that there is no trace of an ovule, or even of 
an ovary, in the disk flower. In other respects the resemblance 
to Helianthus (Sachs) is quite close. 

Ray flowers — The ray flowers occupy about two turns of 
a spiral upon the receptacle. As the individuals of the two 
rows alternate with each other, only one can ever appear in a 
single radial longitudinal section of a head. Moreover, in serial 
sections, never more than two rays, one each from the inner 
and outer rows, are cut near enough to the radial plane to be 
valuable for study. It will be seen that in the form of the 
young ray flower Silphium shows a very close resemblance to 
Aster and Solidago, especially when, as happens in the great 
majority of cases, rudimentary stamens are present. 

The ray flowers of the outer row (7, figs. 7, 2) are subtended 
by bracts of the involucre, which are so closely folded over in 
the bud as to distort the young flower for a considerable period. 
This compression on the anterior side is plainly visible in fig. 
72, where the corolla is starting, and is still noticeable in fig. 73, 
where the stamens (sf) are just appearing. /ig. zy shows in 
addition the young carpels (£), and figs. 75, 76 show the begin- 
ning of the ovule (ov). At about the stage shown in fig. 7g the 
corolla tube begins to grow more rapidly on the anterior side, 
and is thus pushed away from the subtending bract. The 
opening of the tube is gradually made smaller by the growth of 
its lateral edges, which finally lap past each other and give rise 
to such appearances of the corolla as are shown in figs. 18-24, 
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dependent upon the age of the bud and the exact portion of 
these folds appearing in the section. This infolded portion 
finally unrolls to form the limb of the corolla. 

Although the stamens never reach maturity in the ray flow- 
ers, they are to be found in the great majority of young flowers. 
While one may be in doubt as to their identity in fig. 73, con- 
clusive proof of their presence is found in figs. 74, 75, 16. Fig. 
20 shows a single anterior stamen in median section, whereas 
figs. 18, 79, of almost the same age, show no such rudiment, 
even in lateral sections. The significance of this last statement 
is seen upon an examination of fig. 27, in which only the two 
carpels (4) appear in a median section, while, in a lateral section 
(fig. 21, a), two stamen rudiments (s¢) are found. In one head, 
two flowers were found, each showing a single stamen which 
had developed to the pollen-mother cell stage (fig. 24). 

The ovary arises as a cavity below the carpels, soon widen- 
ing at the base as the ovule becomes visible. The An/age of the 
ovule appears slightly toward the posterior side of the base of the 
ovary (figs. 15, 76), grows obliquely upward (figs. 78, 19), and 
soon becomes erect (figs. 20, 27). In the last figure cited, the 
apex of the nucellus is already pushed slightly to one side, 
but hardly enough to warrant the statement of Sachs (14, p. 572) 
that the nucellus, when first visible, stands laterally below the 
apex of the funiculus, a mode of development for some anatrop- 
ous ovules first described by Cramer (cd/d.), and later called in 
question, at least for Compositae, by Kohne (zérd.). It seems 
plain that in a stage just earlier than that of fig. 27, perhaps in 
fig. 20, the cell which later becomes recognizable as the arche- 
sporium occupies an exactly terminal position upon the young 
ovule; and the bulging on the anterior side, already begun 
in fig. 27, is merely the beginning of the integument, which, 
growing from now on more rapidly than the nucellus, forces the 
latter to a lateral position, and finally completely inverts it 
( figs. 22-25). 

The often affirmed lateral origin of the ovule is thrown in 
doubt by the fact that Martin (19) relates it by its bundle, 
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in Aster and Solidago, to the posterior or “upper” carpel. The 
Anlage of the ovule is said to be excentric, and nearer to the 
posterior carpel, a position which Warming figures for Senecio, 
but which is hard to explain if, as all the earlier writers agreed, 
the ovule belongs to the anterior carpel. 

I find that the ovule of Silphium is generally posterior in 
origin (fig. 16), but it may sometimes arise anteriorly (fig. 77). 
This fact suggests that the excentric origin of the ovule is of but 
slight significance, since it may vary in the same species. On 
comparing the course of the bundles with that described for 
Aster and Solidago, I find that the axial bundle, instead of end- 
ing abruptly just below the edge of the funiculus, passes directly 
into the ovule (figs. 24, 26, 27). Whatever may be the condi- 
tion in other Compositae, the ovule of Silphium, as shown by 
its origin and its bundle relations, is the termination of the floral 
axis, that is, the ovule is cauline. The oblique position of its 
Anlage is correlated with the position which must sooner or later 
be taken by the funiculus of an anatropous ovule in an ovary of 
limited size. 

It should be noted, in passing, that the bundle does not ter- 
minate in the upper end of the ovule, but continues in the integ- 
ument to a point on a level with the embryo sac (fig. 27). This 
is not in agreement with the recent work of Mlle. Goldflus (27) 
upon Composite ovules, according to which the bundle ends 
directly above the chalazal region, and is connected to the antip- 
odals by a strand of elongated conducting cells. 

Nectaries— \t has been suggested that the nectaries of Com- 
positae are modified stamen rudiments. The disk flower of 
Silphium offers no conclusive evidence for or against this view, 
as the nectar disk occupies a position within the stamen whorl, 
and might be interpreted as consisting of the confluent rudiments 
of an inner whorl of stamens. The nectary in the ray flower is 
also a ring, less prominent than in the disk flower, but even 
more closely related to the base of the style. The general 
absence of maturing stamens here makes a comparison of the 
two rather difficult. But in the two cases of older stamens 
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which I found, the nectary was in each case below the’ stamen 
(fig. 24). It is hardly conceivable that the nectary of the ray 
flower is formed from an outer stamen whorl, not yet completely 
lost in the genus, while in the disk flower it comes from an inner 
set which is absent in all the tetracyclic Sympetalae. It is much 
more reasonable to regard the nectary as an organ of independ- 
ent origin. 


DEVELOPMENT OF THE MEGASPORE AND EMBRYO SAC, 


When the ovule has reached the stage shown in fig. 22, the 
hypodermal archesporium is easily recognizable at the end of an 
axial row of cells (fig. 28). Its cytoplasm is finely granular, 
and its nucleus has already left the resting condition, showing a 
continuous spirem thread along which the chromatin granules 
are arranged. /ivg 29, from an ovule of about the age of the 
one in fig. 23, shows the nucleus with a prominent nucleolus 
and eight bodies of a different staining reaction, the chromosomes. 
There is as yet no trace of a spindle. In fig. 30, taken from the 
ovule outlined in fig. 24, the equatorial plate is fully formed. A 
complete count of chromosomes was not possible here, owing to 
their being so closely crowded together. Six were plainly visi- 
ble, and a comparison with fig. 29, and with the corresponding 
division of the pollen mother cell ( fig. 54), leads certainly to 
the conclusion that eight is the characteristic reduction number. 
I have made no accurate count of the chromosomes in other 
tissues, but dividing nuclei found in the large tapetal cells appear 
to have many more than eight, probably sixteen. 

Guignard (15) describes the reduction division in the ovule 
of Allium ursinum as occurring in the archesporial cell, which 
here produces a row of four cells, the innermost of which devel- 
ops into the embryo sac. A similar condition has been reported 
by Strasburger for Al/iwm fistulosum and Helleborus foetidus (16). 
Such a row of four cells is formed in Silphium (fg. 37), as 
indeed in all the Compositae which have been examined. In the 
determination of the homologies of the cells thus produced, as 
well as that of the original hypodermal cell, the reduction 
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division is certainly to be regarded as a valuable factor. Consider- 
ing it, for the moment, as of primary importance, the cell in which 
it occurs in the ovule is a megaspore mother cell, producing by 
two successive divisions four megaspores, the innermost of which 
germinates. The presence of a tapetal cell would be determined, 
not by its size or shape, but by its being cut off before the 
reduction division occurs. 

Many botanists, however, look upon the linear arrangement 
of the four cells, and the entire absence of any internal cell divi- 
sion in their formation, as serious objections to this view, and 
prefer to call each of the four a spore mother-cell, of which the 
fertile one develops directly into the megaspore. This would 
make each of the four cells in a form like Silphium the homo- 
logue of the single fertile cell of Lilium. But to the writer, the 
linear arrangement of the four cells finds a parallel in the 
‘‘zonate”’ method of division in the tetraspores of some Rhodo- 
phycee; and it seems but natural that a process of ‘ rejuvenes- 
cence” should be abandoned in the development of a spore 
which is not to be shed, but germinates zm situ. The condition 
found in Lilium would then be but the extreme abbreviation of 
the story, the archesporial cell itself developing into the mega- 
spore. 

The successive stages in the development of the megaspore, 
accompanied by the destruction of the potential megaspores, 
are shown in figs. 37-37, and present no essential deviations 
from the process as ordinarily described. The megaspore 
encroaches but slightly upon the cells of the chalazal region, 
apparently finding less resistance to growth in the opposite 
direction. This results in a stretching of the cells of the nucel- 
lus, which consists of but a single layer of cells, the epidermis, 
surrounding the row of megaspores; and finally the rupture of 
the nucellus ( fig. 36), part of which may be carried downward 
on the tip of the growing sac (fig. 37). The greater part of the 
sac, from this time on, lies free in the space between the funic- 
ulus and the integument. At its base may usually be seen the 
remnants of the broken nucellus. 
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The amount of protoplasm in the developing sac is compara- 
tively small, frequently resulting in the presence of very large 
vacuoles. It will be seen also that the enlargement of the sac, the 
division of its nuclei, and the destruction of the surrounding cells, 
do not proceed at the same rate. Thus, in fig. 34 the two nuclei 
have not left their position in the central strand of protoplasm 
in which they were formed, while there is no trace of the poten- 
tial megaspores, and the nucellus is stretched almost to the point 
of breaking; in fig. 35, on the other hand, the nuclei are already 
widely separated, whereas the sac itself is smaller than in fig. 34, 
the remains of the potential megaspores are still recognizable, 
and the nucellus itself is in a fairly good condition. 

The structure of the mature embryo sac may perhaps best be 
described by taking that of S. mtegrifolium as a type, and com- 
paring the other species with it. As shown in fig. 38, the sac is 
several times longer than was the nucellus. It attains its great- 
est diameter at about one third of the distance from its micropy- 
lar end, and from this point it tapers quite uniformly toward the 
antipodal region. The egg apparatus occupies about the outer 
quarter of the sac. The synergids (sy) always lie, the one 
anterior to the other, in one side of the sac, the opposite side 
being occupied by the oosphere (0), which is attached well up 
toward the apex of the sac. It is quite common for each syner- 
gid to have a large vacuole in each end, with the nucleus lying 
between them. In fig. 38 the egg lies above the synergids, 
almost covering one of them, whose projecting margin is shaded 
deeply for the sake of distinctness. The reconstruction of the 
drawing from adjacent sections also made it necessary to repre- 
sent the vacuoles and nuclei of the synergids as if showing 
through the protoplasm of the egg. 

The oosphere shows a large vacuole in its broad upper por- 
tion. Its nucleus is larger than those of the synergids, and con- 
tains a very fine chromatin network in resting condition, anda 
large and often vesicular nucleolus. After the fusion of the 
polar nuclei, which occurs near the middle of the sac (fig. 37), 
the primary endosperm nucleus approaches the egg apparatus, 
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and is frequently to be found crowded close into the angle 
between the egg and the synergids, as in fig. 38. It is much 
larger than the egg nucleus, but in other respects resembles 
it quite closely. Its nucleolus usually contains one large and 
several smaller vesicles. The body of the sac is occupied by a 
large vacuole. 

The antipodal cells are generally three in number, separated 
by walls and arranged in a row, the innermost being much the 
largest. The Compositae have long been known to exhibit great 
variability in the antipodal region, a multiplication of cells and 
nuclei being reported in Senecio aureus by Mottier (20), in Aster 
and Solidago by Martin (19), and in Aster Nove-Anglie by 
Chamberlain (23). The same variability has been seen, to a cer- 
tain extent, in Silphium, in all the species studied. The wall 
may be lacking between two of the three nuclei, giving but two 
cells (fig. 39), either or both of which may show strong indica- 
tions of direct nuclear division. Again, the nucleus may divide 
in any one of the three cells ( figs. 40, 41). Finally,in one case, 
seven antipodal cells were found, containing eight nuclei, with 
indications of amitotic division (fig. 42). 

In a recent paper by Mlle. Goldflus (26), already referred to, 
it has been shown that the antipodal cells in the Compositae 
possess at times a digestive function, and in other forms serve to 
conduct food from the ovule to the growing sac with its embryo. 
All the, evidence goes to show that in Silphium these cells are 
conductive, rather than digestive. It is equally clear that in 
those forms where the antipodals burrow back into the chalazal 
region, a fact which may perhaps be correlated with the reduced 
size of the nucellus, the surrounding cells must be destroyed by 
the action of a ferment secreted by the cells of the encroaching 
tissue. The possession of either of these functions is claimed by 
the author to be inconsistent with the interpretation of the antip- 
odal cells as a vegetative or prothallial region of the gameto- 
phyte. But it must be admitted that the most natural function 
of the vegetative, as distinguished from the reproductive, region 
of a prothallus, is that of nutrition, of which digestion and 


* 
iff 


1900 ] LIFE HISTORY OF SILPHIUM 109 


conduction are but two important phases. The view that the 
antipodals are homologous with the vegetative portion of a 
pteridophyte prothallus is strengthened, therefore, rather than 
overthrown by the discovery of the réle which they play in the 
nutrition of the embryo sac. 

I have reserved one feature in connection with the egg 
apparatus for a special consideration, namely, the peculiar cap 
which is usually to be found upon the micropylar end of the sac. 
Its ordinary appearance is as in fig. 38. It is frequently striated, 
and always shows a rift or superficial groove, which cannot be 
related, however, to the line of contact between the synergids. 
The material of which the cap is composed stains deeply with 
all the stains used, but when lightly stained the outline of the 
tip of the sac can be seen within it, showing that the cap is not 
a part of the synergids. This fact precludes the possibility of 
its being a filiform apparatus, and I have been led to the conclu- 
sion that the cap represents the remnant of the nucellus, which 
may often be broken in pieces, as in fig. 37, but which, in most 
cases, is pushed forward by the sac and remains perched, calyptra- 
like, upon its apex. This explanation was first suggested by the 
form of the nucellus tip (see especially figs. 32, 35), and seems 
to be the only possible interpretation of the condition seen 
in fig. 43, where the cap has evidently continued its growth 
and become highly vacuolate. Finally, in fig. g4, from a 
preparation poor in other respects, the cap consists of four 
cells in section, the walls and two of the nuclei still being 
visible. 

The above description of the embryo sac of Sz/phium integri- 
folium will apply very well to S. tifoliatum, S. terebinthinaceum, 
and S. laciniatum, the chief differences being in matters of size 
and proportions, and hardly deserving special mention. The 
peculiarities of the antipodal and micropylar regions are illus- 
trated from S. integrifolium, because its greater abundance, 
together with its being easier to kill and section, encouraged a 
more extended study. But abundant evidence was obtained 
showing that the same peculiarities exist in the other species, 
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and their apparently greater uniformity is probably due to their 
having been less fully investigated. 

S. perfoliatum presents a type of sac quite different from the 
other species studied (fig. 45). In size it agrees quite closely 
with S. ¢rifoliatum, these two species having larger sacs than the 
other three. The synergids are of a form peculiar to this 
species, and resemble more closely those figured for other Com- 
positae. They are slender and pear-shaped, usually without 
vacuoles, and with the nucleus near the inner end. Their outer 
ends are long, and filled with a very deeply staining protoplasm. 
Their outline can be followed very easily inside the membrane 
of the sac, thus affording indirect evidence in confirmation of 
the claim that the cap found upon the tip of the sac in the other 
species is not a part of the synergids, but lies outside the sac. 

No attempt has been made to do cytological work in the 
embryo sac, as the difficulty of fixing the material quickly, due 
to the hard tissues of the ovary wall, rendered practically 
unavoidable an amount of shrinkage which, though slight, was 
sufficient to blur the finer cytological details. The general 
appearance of the oosphere and primary endosperm nucleus has 
already been described. The drawings are not intended to do 
more than to show the structure of the nuclei more or less dia- 
grammatically. There is evidence that the egg nucleus leaves 
the resting condition before fusion with the male nucleus occurs. 

The primary endosperm nucleus in S. éntegrifolium has an 
average diameter of 15 mw, its nucleolus being 6-84 ; the oosphere 
nucleus averages gp in diameter, with a nucleolus of 34. The 
sac itself is about 220 by gow. In S. perfoliatum the endosperm 
nucleus measures 26, its nucleolus 12; the egg nucleus 17, 
its nucleolus 6m; the sac itself, about 300 by 65 p. 


DEVELOPMENT OF MICROSPORES. 


When the young stamen has reached the stage shown in fg. 
7, the hypodermal archesporial row is distinguishable from the 
surrounding tissue by the increased size of its component cells 
and their different staining reaction. A transverse section of 


7 a 
us 


1900 | LIFE HISTORY OF SILPHIUM 111 


such a stamen shows that its anther is already fusing with those 
of the other stamens in the flower. In each corner of the anther 
a single large hypodermal cell is found (fig. 46), which soon 
divides into an outer and an inner cell, which may be called, 
respectively, the primary tapetal and primary sporogenous cells. 
If we bear in mind that Goebel applies the term archesporium to 
the row which we have called primary sporogenous, his state- 
ment ( Outlines of Classification, ctc., p. 363) that in the Compo- 
sitae the archesporium consists of a single row of cells finds 
here an easy confirmation (fig. 47). 

Periclinal walls soon appear in the primary tapetal row, by 
which it becomes a cell layer. This soon divides into two layers 
(jig. 48), of which the inner is to become the external portion 
of the tapetum, while the outer divides again to form the 
‘“endothecium”’ and the “ middle layer” (fig. 49). The tapetal 
layer is completed by the addition of cells lying between the 
sporogenous mass and the connective, the whole layer finally 
consisting of large and usually binucleate cells with densely 
granular contents. The layer of cells just behind this addition 
to the tapetum grows to resemble the middle layer, thus com- 
pleting a second nutritive layer (fig. 50). It will be seen that 
the foregoing account of the origin of the sporogenous cells and 
their surrounding layers agrees with the early work of Warming. 

Meanwhile, longitudinal divisions have occurred in the pri- 
mary sporogenous row, giving finally a mass of four or five cells 
in cross section. The appearance of the various layers in 
longitudinal section is also shown, fig. 5z corresponding quite 
closely to fig. 47, fig. 52 to fig. 49, and fig. 53 showing a stage 
just younger than fig. 50. A comparison of figs. 52 and 53 
shows that the rule that when the tapetum is differentiated the 
pollen-mother-cell stage has been reached is not of such uni- 
versal application as Guignard claims for it (18). Exception to 
this rule has already been noted by Miss Lyon in Euphorbia 
(26). That the sister layer to the tapetum divides to produce 
the endothecial and middle layers is shown at 4, figs. 49, 52. 
This division may not occur at all, and in such cases the original 
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layer forms the endothecium, which then lies next to the tape- 
tum, as in fig. 54. 

At the time of their first division, the pollen mother-cells are 
lying free in the cavity of the sporangium, and are perfectly 
spherical in form. The division occurs simultaneously in all 
the mother cells in a loculus, and it can frequently be noticed 
that the two outer loculi are slightly in advance of the inner 
ones of the same anther. For example, when the spindles in 
an inner loculus are in an equatorial plate stage, as in fig. 54, 
daughter stars will be found in the mother cells of the outer 
loculus. As may be seen from the figure just cited, the chromo- 
somes are nearly spherical, and it is very easy to count them, as 
the spindles lie in all possible directions. In favorable prepara- 
tions the number eight can be counted repeatedly, even with a 
comparatively low magnification. Reference has already been 
made to this as being the reduction number found in the develop- 
ment of the megaspore. 

The rapidity with which the second division follows the first 
may be inferred from the fact that even in the same loculus 
mother cells may be found, some of which show daughter stars 
of the first division, while in others one of the daughter nuclei 
may already have formed the spindle for the next division. The 
two spindles generally lie across each other, as in fig. 55, but 
they may sometimes be side by side. 

We may take figs. 54, 56, 57, 58, as showing the stages 
which may be found in four adjacent flowers along a radius of 
the head. The spines of the pollen grain appear soon after it is 
set free from the tetrad. For a time the spore exhibits a large 
vacuole, but this soon disappears. 

While these changes have been taking place the tapetum and 
middle layer have been disorganizing. In this way a plasma is 
formed which gradually distributes itself among the pollen grains. 
The nuclei of the disorganized cells are visible for quite a long 
time. This plasma finally collects around the spores (fig. 59), 
and is at last encrusted upon them as a sheath ( fig. 62), exactly 
comparable to the perinium of a pteridophyte spore. 
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THE MALE GAMETOPHYTE AND FERTILIZATION, 


The pollen germinates in the anther. Three or four places 
for the exit of the pollen tube are present, and at the time of 
dehiscence the contents of the spore can be seen protruding 
slightly from each of them. The two nuclear divisions by which 
the vegetative and generative nuclei, and the two sexual nuclei, 
arise, were not followed; but the difference in size and staining 
reaction in the stages found indicate that there is no deviation 
from the process as ordinarily described. The generative nucleus 
(g, fig. 59) is soon surrounded by a small quantity of hyaline 
cytoplasm, distinguishable from the more granular protoplasm 
of the rest of the spore. The nuclei of the two sexual cells 
(m, fig. 60) are smaller than the vegetative nucleus. At this 
stage practically no structure can be made out in any of the 
nuclei. The male nuclei usually stain less deeply than the 
vegetative nucleus. 

When first formed the male nuclei are approximately spher- 
ical, as in fig. 60, m. But in later stages their form undergoes a 
very remarkable change. The nucleus begins to be drawn out 
at one end, and soon becomes very much elongated. During 
this process the two nuclei generally lie side by side, and may 
finally become so long as to reach fully half way around the inte- 
rior of the pollen grain. Some of the stages are shown in jigs. 
61, a-f, 62, 63. It will be seen that the somewhat sinuous form 
generally assumed frequently resolves itself into a spiral (jg. 
61,d,e). This change of form was found in three of the spe- 
cies studied, S. zntegrifolium, S. terebinthinaceum, and S. perfolia- 
tum, and might possibly have been discovered in the other two 
had they been as thoroughly investigated upon this point. The 
structure of the nucleus was very difficult to make out, since, in 
sections less than 10m in thickness, so long a body was likely to 
be cut in pieces; and with this thickness of section the pollen 
grain would be cut through but once, and the nuclei were seen 
against a background of deeply staining spore wall. With the 
most favorable light the nucleus can be seen to consist of a net- 
work with extremely fine meshes. The surrounding film of 
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cytoplasm is not always visible. /ig. 67, f shows as nearly as 
possible the appearance of the fully developed male cell, and 
brings out also the fact that the sinuous or spiral form is finally 
lost, and the nucleus is merely slightly bent. 

Strasburger and others have figured somewhat elongated 
male cells in various plants, but no more than could be explained 
by the need of such a form in order to pass down a slender pol- 
len tube. In one account, that of Golinski (21), the male cells 
of Triticum and other Graminez were described as being ‘ not 
at all unlike an antherozoid of the Characee or ferns.’’ He 
even records the presence of a vesicle, persisting for some time 
in a loop of the sex cell. Nothing of this kind occurs in Sil- 
phium, but, judging by the figures given, the spermatozoid form 
is here far more pronounced. 

Until recently, Golinski’s account was the only one which 
offered any parallel to what has been found in Silphium. Such 
an association of a composite with the grasses would seem at 
first to be an absurdity. But it is not a new one, for the Gram- 
inez stand preeminent among the monocotyledons as the 
formers of tissue by the antipodal cells, as do the Compositae 
among the dicotyledons; and if the antipodal cells represent a 
prothallial region, there is thus a primitive character in the 
female gametophyte of both groups, matched now by the pecu- 
liar form of the male cells. . 

Nawaschin’s recent announcement (28) of long, vermi- 
form male nuclei in Lidium Martagon recalled a figure published 
last year by Mottier (25), showing a coiled male nucleus 
lying against the female pronucleus. Fuller confirmation of 
Nawaschin’s preliminary statement has already come from 
Guignard (29), who not only has given us excellent figures, 
but has extended his observations to several other species of the 
Liliacee. The male nuclei, as he figures them, resemble closely 
those of Silphium. Their fusion with the polar nuclei, reported 
by both Nawaschin and Guignard, has not been found in Silphium, 
which, by virtue of the earlier formation of the definitive nucleus, 
is not a favorable object for the study of this point. 
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These recent investigations prove that the occurrence of 
spermatozoid-like male cells in Angiosperms is not so rare as 
was once supposed. 

The pollen tube passes along the outside of the cap which 
usually crowns the embryo sac (fig. 64), and enters the sac just 
beyond its free margin. One of the synergids now begins to 
disorganize, and soons becomes unrecognizable. The other 
usually persists for a considerable period, lying against, or partly 
covering, the suspensor of the young embryo. When seen in 
side view this might easily be taken for a pollen tube, as in 
fig. 66, for example. But a little familiarity with the type soon 
removes this source of error, as the pollen tube is much more 
slender. Where the synergid can be seen passing up within the 
cap, as in fig. 67, there is no chance for uncertainty as to its 
identity. That neither of the synergids may be disorganized 
until fertilization is accomplished is shown by fig. 65. 

The recent accounts of fertilization in Lilium, already cited, 
suggested that a careful study of the behavior of the spiral male 
cells of Silphium would be very desirable. Unfortunately, the 
most favorable preparations showing male pronuclei in the 
oosphere were in S. daciniatum and S. trifoliatum, the two species 
in which the elongated cells were not found. Preparations of 
the other species, showing the nuclei in the tip of the pollen 
tube, indicate that the sex nuclei have resumed a spherical form. 
By the growth of the male pronucleus it acquires a close resem- 
blance to the egg nucleus before fusion occurs. 


DEVELOPMENT OF THE EMBRYO. 


After fertilization the oospore develops a wall, and elongates 
rapidly. Its proximal end is occupied by a large vacuole, while 
its distal end is filled with a mass of protoplasm containing the 
nucleus. 

The first wall in the oospore is transverse, as usual, and 
separates a large proximal vesicular cell from a smaller terminal 
cell. It will be of interest to note that the primary endosperm 
nucleus divides before the first wall appears in the oospore 
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(jig. 65). The early divisions of the endosperm nuclei occur 
more rapidly than those in the embryo, for while there are yet 
but two cells in the embryo, the endosperm nuclei have passed 
to their third division, a condition shown in fig. 66. The 
antipodal cells are still to be seen in a small pocket at the 
extremity of the sac. Their final disappearance does not occur 
until a considerably later stage. 

It is customary to speak of the cell which produces the 
octants as the embryo cell, and of all the remaining cells as 
belonging to the suspensor. The term is never strictly accurate, 
for even in such cases as Capsella the dermatogen and _ periblem 
of the root are contributed by the cell below the octants. Again 
some authors, noticing that the first wall in this “embryo cell” 
is usually longitudinal, conclude that, conversely, the first longi- 
tudinal wall identifies the embryo cell —a definition which breaks 
down in cases where the octants are formed by a transverse wall 
followed by two longitudinal walls, as has been claimed by 
Schwere (24) to be the rule for Compositae. If, however, we 
give to the term “embryo cell” a uniform signification, namely, 
the cell which produces the octants, we shall at least justify its 
use as a term of convenience. 

Another term of varied application is the word hypophysis, 
or “Anschlusszelle.”” In Hanstein’s account of the embryo of 
Capsella (2), the cell next below the octants divides by a 
transverse wall, and its upper half divides again to form the 
and the Dermatogen-schlusszelle,” * 
the latter, by repeated splitting, forming the layers of the root 
cap. Hanstein applies the term hypophysis sometimes to 
this original suspensor cell, at other times more particularly to 
its upper half, thus designating as the ‘‘Anschlusszelle” the cell 
which actually completes the embryo. On the other hand 
Schwere, for example, applies the term to the cell which is, 
next below the embryo cell, indeed, but which only partially 


* Throughout the rest of this account the rather cumbrous words “ Dermatogen- 
schlusszelle” and “ Periblem-schlusszelle” will be translated by the terms dermatogen 
and periblem terminals, respectively. The fact that they later become the dermatogen 
and periblem zzz¢éa/s need cause no confusion when the latter terms are substituted. 
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corresponds to the cell similarly placed in Capsella; for in 
Taraxacum this cell produces only concentric layers of derma- 
togen and periblem, a second suspensor cell doing the same 
thing, while the root cap is formed by the third cell from the 
embryo cell. In such a case, the term hypophysis, as applied 
to a single cell, could be justified only by proving that these 
three cells arose by the division of an original single cell next 
to the embryo cell. This, however, has never been done. 

As a further preface to the discussion of the development of 
the embryo, it may be well to state that in the early part of the 
work the entire ovary was cut longitudinally in the plane of the 
radius of the inflorescence, in order to determine with certainty 
the direction of the early divisions in the embryo. Later, the 
ovules were dissected out, and the direction of the section, 
whether in the radial or tangential plane, was ascertained from 
the position of the funiculus. 

Passing on now to the second division in the young embryo, 
we see by fig. 68 that the two nuclei present may prepare for 
division at almost exactly the same time. The nucleus of the 
terminal cell is slightly in advance of the other, as the segmenta- 
tion into chromosomes has occurred, and the nuclear membrane 
has disappeared. However, the difference is so slight that we 
are left without absolute proof as to the origin of such a stage 
as fig. 69. If the terminal cell alone has divided, two interpre- 
tations are possible. First, a transverse wall may have arisen in 
the embryo cell, in which case my figs. 69, 70, 77 would cor- 
respond exactly to Schwere’s figs. 8, 9,a, 9, respectively,as fig. 70 
is cut in the radial plane and fg. 77 in the tangential. The 
second possibility is that the terminal cell in fig. 69 is the real 
embryo cell, but marked out by the second division in the 
oospore; and a comparison of figs. 69, 70 with 72-76 shows that 
this is actually the cell which produces the octants. This being 
true, we may now apply the term embryo cell definitely to 
the terminal one of the three cells in fg. 69. It would be an 
obvious error to give that name to the terminal cell of fig. 67, 
for, according to this interpretation, the latter cell produces 
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more than the octants. I shall attempt to show that the middle 
cell of fig. 69 contributes to all the primary tissues of the 
embryo, but to change the accepted definition of the embryo 
cell on this account would result in needless confusion. 

A third possible origin for fig. 69 is that the vesicular cell of 
jig. 67 may have divided first. This is not exactly in line with 
jig. 68, but should be recognized as a possible, if not a necessary 
interpretation. According to this view, the terminal cell of figs. 
67 and 68 would be the same as that of fig. 69, and Silphium 
would agree with other Compositae in having the embryo cell 
marked out by the first division of the oospore. In the lack of 
positive evidence on this point itis perhaps best to let this stand 
as the correct interpretation, at the same time recognizing the 
possibility that the real embryo cell may be but one of the 
daughters of the terminal cell of fg. 68. 

The first wall in the cell producing the octants, or as we may 
now Call it, the embryo cell, is longitudinal, and in the radial 
plane of the head (figs. 70, 77). As the cotyledons of the 
mature embryo occupy an antero-posterior position in the ovary, 
it will be seen that this wall does not separate them, but rather 
cuts each one intwo. The cotyledons are not separated until 
the second series of divisions, in the tangential longitudinal plane, 
has occurred (fig. 72). ig. 73 shows an embryo in which the 
transverse walls followed the first longitudinal, or may even have 
appeared first; but of this latter there is no proof. 

The formation of the octants is soon completed (fig. 74), 
usually by a series of transverse walls in the quadrants of fig. 72. 
The upper octants: divide more rapidly than the lower four, and 
as the two sets differ considerably in their mode of development, 
it will be easier to treat them separately. We may then go 
back to trace the development of the cells below the octants. 

The first walls in the upper octants are, in most cases, a set 
of anticlinals. /¢g. 75 shows an embryo with this first anticlinal 
wall in one of the upper octants. The other three are not yet 
divided. All of the figures up to and including this one are of 
whole embryos, with all of the nuclei shown. The remaining 
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figures are of sections. Fig. 76 shows one half of an embryo in 
which all four upper octants have divided. Of the two shown 
in the figure, the left one has cut off the dermatogen by a peri- 
clinal wall, while the right one shows the usual anticlinal wall. The 
other two of the’ four show in the adjacent section of the series, 
each with an anticlinal wall, as in fig. 77, which is drawn from 
another embryo in nearly the same stage. These anticlinals may 
intersect either of the primary, or octant, walls, and sometimes, 
by their early shifting, one may be in doubt as to which wall 
really separates the octants (e. g., fig. 78). 

The dermatogen is usually cut off by the second series of 
walls in each upper octant (figs. 78, 8r-right, 82-left). In 
octants where the first wall was periclinal, differentiating the 
dermatogen, the second wall is usually an anticlinal, in the inner 
of the two cells by the first division ( fig. 8z-left). The next 
walls generally occur as a series of periclinals, giving three con- 
centric layers of cells in the upper octants, as in fig. 83. The 
regularity in this part of the embryo is soon lost, and there arises 
a mass of parenchymatous tissue in which division may occur in 
any direction. By repeated anticlinal divisions the dermatogen 
grows to keep pace with the increase in the bulk of the tissue 
beneath it. 

When each upper octant has undergone its first division, the 
four lower octants are still undivided ( figs. 76, 77). The der- 
matogen is cut off here by the first walls ( figs. 78, 79). The 
second division is probably always in the inner cell, thus sepa- 
rating periblem from plerome. Fig. 79 (left) is not conclusive 
on this point, but fig. 84, in which a series of transverse walls 
has arisen, shows at the left that periblem and plerome cells 
arise by the division of an original inner cell. Asa result of 
these divisions three concentric layers of cells are formed in the 
hypocotyledonary part of the embryo, as is shown in figs. 8o, 87. 

While the primary tissues are thus being differentiated, the 
cells of the lower octants are becoming considerably elongated 
( figs. 78-81); and soon a series of transverse walls appears, by 
which two similar tiers or layers of cells are formed, as shown 
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in figs. 82-85. Before this last process is completed, the ple- 
rome cells may begin to divide into an inner and an outer layer, 
as seen in the left lower octant of fig. 86. This makes the 
plerome of this region consist of two concentric layers of cells,a 
condition shown again in figs. Sg-gz. In fig. gz, at the left, the 
outer of these layers is again splitting in two. 

We must now return to the consideration of the cell below the 
octants, in order to discover what it contributes to the embryo. 
Starting with the middle cell of fig. 69, it is easy to trace it, with 
the vesicular cell next to it, through figs. 70-73, 75 and 76, 
This cell, or its product, is labeled c throughout the figures. 
In fig. 74, cell ¢ has divided once, longitudinally. In fg. 75, 
judging by the size of the cells, ¢ is undivided, while the vesicular 
cell has acquired a transverse wall. In this way a varying 
number of suspensor cells may arise. 

The longitudinal wall in cell c, shown in figs. 74 and 77, is 
soon followed by a second one at right angles to the first, giving 
a tier of four cells, three of whose nuclei are shown in fg. 79. 
In figs. 78 and 8&2, periclinal walls have arisen, cutting off an 
outer dermatogen layer. It will be seen that cell ¢ is undergo- 
ing a series of divisions exactly similar to those arising in the 
lower octants. A second series of periclinal walls, predicted in 
jig. 86, and incomplete in figs. 83 and 88, is completed in fig. 89. 
In figs. go and gz, the innermost of these three concentric layers 
has split again longitudinally. 

The claim of an “addition to the embryo” from the ‘sus- 
pensor” is not a new one. It will be sufficient to cite from 
two of the more recent papers upon Composite embryology. 
Mottier (20) finds that in Senecio aureus the cell below the 
octants contributes dermatogen and periblem to the embryo, the 
root cap, to judge by his figures, being organized by the next cell. 
He makes no specific statement upon this point. Schwere(24) finds 
two ‘‘suspensor”’ cells adding dermatogen and periblem to the 
embryo of Taraxacum, while the third cell organizes the root cap. 

The embryo of Silphium differs from that of Taraxacum in 
that the product of but one original cell lies between the octants 
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and the cell organizing the root cap; it differs from Senecio in 
that this one cell contributes not only dermatogen and periblem, 
but also the terminal portion of the plerome. 

The possibility that the tier of cells called c, in embryos older 
than that in fig. 77, arose by the transverse division of the inner 
octants, has of course presented itself. But in such a case the 
cells above and below the dividing walls would show clear indi- 
cations of their being thus related, and the two tiers would be 
symmetrical as to number and position of cells on either side of 
the dividing line. Such a symmetry is illustrated in the lower 
octants of figs. 82 and 85, where two tiers of cells are in a process 
of separation. But no such symmetry is to be found between 
tier c and the tier above it, in any of the figures on flate V. 
These two tiers proceed at very different rates of growth, as a 
comparison of figs. 78 and 85 or 86 plainly demonstrates. More- 
over, in the study of such a stage as fig. 79, the longitudinal 
walls separating the octants are, we may say, in the plane of the 
paper and perpendicular to it, respectively; whereas the corre- 
sponding walls in tier ¢ always run in different planes, being 
frequently inclined as much as forty-five degrees to the longi- 
tudinal walls in the octants. These facts prove conclusively that 
tier ¢ has an origin independent of the octants, and that the 
description of its ultimate fate, as already given, is correct. 

There yet remains for us the consideration of the origin of 
the root cap. This point seems to have suffered from a general 
neglect. Hofmeister (1) gives a short description of Helianthus, 
but no detailed study of the sequence of cell divisions was made. 

The first account giving any reliable data upon the point in 
question is that of Hanstein (2), whose description of the process 
in Capsella has already been mentioned, and is too familiar to 
need repetition. Ina second mode of cap origin, described for 
Q£nothera, a lenticular cell is cut out from the upper surface of 
the hypophysis cell, and becomes the periblem terminal ; while 
the remaining portion produces the dermatogen of the root, by 
the splitting of which the cap arises. Hanstein does not describe 
any Composite embryos. 
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Reinke (3) treats of the structure of the root tip in later 
stages, but not at the time of the first appearance of the cap. He 
reduces the roots of all phanerogams to one type, that found in 
Helianthus, with separate initials for plerome, periblem, and 
dermatogen, the latter proliferating to form the cap. 

Fleischer (6) describes a mode of cap origin identical with 
Hanstein’s Capsella, but gives no figures. His account derives 
the cap from the cel] next to the octants, differing in this respect 
from all other descriptions of Composite embryos. In the 
structure of the older root tip he agrees with Reinke. ‘ 

Janczewski (4,5) confines his attention to older roots, and 
distinguishes four types of root-tip structure, one of them being 
the ‘“‘ Helianthus type.” He claims, however, that the cap does 
not arise by the splitting of the dermatogen, but that the inner 
layer of the root cap is a “calyptrogen,’’ which later abandons 
its protective function and becomes the epidermis. Later authors 
have assigned various plants to the “Helianthus type,” without 
noticing that their description agreed with Reinke’s account, 
rather than with that of Janczewski. The validity of the Heli- 
anthus type is not to be questioned, for these two views are 
really but two different interpretations put upon the same struc- 
ture, Reinke’s view having been adopted by all the later writers 
as the more natural one. 

Holle (8) claims that the Helianthus type is the character- 
istic one for dicotyledons, and that all other types are mere varia- 
tions. The primary origin of the root cap is not discussed. 

Inthe embryo of Senecio aureus, according to Mottier (20), 
the cell below the octants divides first by one or two transverse 
walls, and the resulting cells divide longitudinally, adding derma- 
togen and periblem to the embryo. The cap is probably formed 
by the next cell below, that is, by the second ‘“ suspensor cell.” 

Maxwell (22), although doing no work upon the Compositae, 
has given us one of the best reviews, in English, of the work of 
these earlier writers. 

Schwere (24) finds that in Taraxacum the first and second 
cells of the suspensor add dermatogen and periblem to the 
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embryo. A third cell divides transversely, its inner half com- 
pleting the dermatogen and its outer half becoming the first 
layer of the root cap. 

It was seen very early in the course of the investigation that 
Silphium did not follow the process found in Capsella, and 
described by Fleischer for Helianthus. Nor could the stages 
found be made to agree with Schwere’s Taraxacum embryos. The 
mode of origin of periblem and dermatogen terminals resembles 
more nearly the process as found by Hanstein in C£nothera, the 
greatest difference being in the origin of the periblem terminal. 
This, instead of being cut out as a lenticular cell from the upper 
side of the hypophysis cell, is apparently formed by the inter- 
section of three walls, inclined so as to meet the basal wall of 
tier c. Figs. 86 and 88 partially illustrate this process. The first 
of these three walls may at first appear to be longitudinal, as in 
jig. 87, but it is plainly oblique in fig. 86. In fig. 88 the second 
oblique wall is shown, and a third nucleus, in the tier below the 
periblem terminal, but in another focus, gives proof of the pres- 
ence of a third dermatogen terminal. 

In fig. 89 the periblem terminal has divided by probably two 
longitudinal walls, giving a plate of four cells. In fig. go, by 
a shifting of the cells, the periblem terminals have been drawn 
still farther into the pear-shaped body of the embryo. Another 
wall in the dermatogen terminals gives three cells in section, the 
middle one being quite broad. In fig. gz the two lateral derma- 
togen terminals have split to produce a layer of the cap; and 
the presence and direction of the spindle in the middle cell fur- 
nishes conclusive proof that the root cap arises by the splitting 
of the dermatogen. /ig. 92 shows a portion of a much older 
embryo, seen entire in fig. 92, a. The relations of the primary 
tissues are the same as in fig. g7. The boundaries between ple- 
rome and periblem are made heavy, and the epidermal cells are 
drawn with nuclei. The greater thickness of the cap at the end 
of the embryo is caused by the splitting of the layers of the cap 
itself, as can be seen clearly in several places. The apparent 
diminution in the size of the cells is almost entirely due to the 
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fact that the magnification of fig. 92 is but two thirds of that of 
jig. 91. 

At this time the cotyledons are nearly half as broad as long, 
and the tissues of the ovule are reduced to a thin sac, loosely 
covering the embryo. Ample protection for the growing embryo 
is provided by the hard walls of the ovary. Older stages of the 
embryo were not studied, as the increasing hardness of the ovary 
wall made the rapid fixing of the ovule and embryo more and 
more difficult. 

SUMMARY AND CONCLUSIONS. 


In the general features of its development, the foregoing 
account of the life history of Silphium agrees with those of the 
other Compositae. But so many facts are peculiar to the genus, 
that a résumé of the course of development is necessary, and a 
comparison with other Compositae. 

The flowers of Silphium in their adult form are of two kinds, 
the disk flowers being staminate and sterile, the rays being fertile 
and without stamens. 

The order of development of floral organs in the disk flower 
is corolla, stamens, carpels, calyx. The nectary appears just 
before the pappus. There is never any trace of ovary or of ovule. 
The pappus is almost entirely wanting. 

The floral organs of the ray flower, in the great majority of 
cases, appear in the same order as in the disk. The stamens 
almost always remain as mere papillae, but a few flowers were 
found in which they had formed pollen mother-cells. The ovary 
is formed as a cavity between the carpels. The ovule is terminal 
and cauline, as is shown by its position and bundle relations. 
This claim is not in accord with the other special accounts for 
Compositae, but agrees with the claim for a primitive cauline 
ovule in this family, made recently by Campbell (30). Proofs 
for this claim, however, are first presented in the present 
paper. 

In that the hypodermal archesporial cell develops a row of 
four potential megaspores, of which the inner one germinates 
to form the embryo sac, Silphium resembles all the other 
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Compositae which have been described. Eight chromosomes 
were counted in the megaspore mother cell. The number has 
not been reported for any other genus. 

Four of the five species studied — S. tntegrifolium, S. trifoliatum, 
S. terebinthinaceum, and S. laciniatum—resemble each other in 
the general structure of the embryo sac. The synergids and 
oosphere are somewhat pear-shaped, the egg being inserted near 
the apex of the sac. The polar nuclei fuse before fertilization, 
and the definitive nucleus lies near the egg apparatus. The antip- 
odal cells are arranged in a row, and, as is common among 
Compositae, tend to increase in number beyond the original three. 
The growing sac quickly ruptures the nucellus, and the basal 
portion of the latter is to be found as a remnant by the side of 
the antipodal cells. The terminal portion generally remains 
perched on the apex of the sac, forming a densely staining cap. 
In one case these nucellar cells had continued their growth in 
this position. Such a nucellar cap is new for Compositae, but 
has been reported in various aroids by Campbell (30) and others. 

The embryo sac of S. perfoliatum is like that of the other 
species in most respects, but presents a very different appearance 
in its micropylar portion. There is no nucellar cap. The syn- 
ergids are very much elongated, their tips being filled with a very 
dense protoplasm. They do not, however, rupture the tip of 
the sac. 

The development of the microsporangia follows the well- 
known order, the steps of which need not be repeated. By the 
failure of the last series of divisions, the middle layer may be 
lacking, the sister layer to the tapetum in this case developing 
into the endothecium. The sporogenous cells divide at least 
once after the tapetum begins to take a differential stain. 

The nuclei of the pollen-mother cells show a well-marked 
synapsis stage, and pass quickly from this to the formation of 
the spindles for the first division. In the equatorial plate of this 
spindle the reduced number of chromosomes, eight, was repeat- 
edly counted. The second division follows immediately after 
the first. 
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The division of the nucleus of the pollen grain into a vegeta- 
tive and a generative nucleus, and the division of the latter into 
two sexual nuclei, apparently follows the usual order. The male 
cells are at first round, but in three of the five species examined 
they become greatly elongated, often acquiring a remarkably 
spermatozoid-like form. Such a form of male cells has been 
reported among various monocotyledons, but up to the present 
time Silphium is the only dicotyledon reported as showing 
them. 

The pollen tube enters the embryo sac just beyond the edge 
of the nucellar cap. Fertilization may be accomplished without 
the previous disorganization of either of the synergids. The 
division of the definitive nucleus precedes the division of the 
oospore, 

The first wall in the oospore is, as usual, transverse. It is 
possible, though not certain, that, unlike the other Compositae 
described, the terminal cell of the two-celled stage divides again 
transversely, and that the real “‘embryo cell” is the outer cell 
arising by this second division. 

The first wall in the embryo cell is a radial longitudinal one, 
instead of being transverse, as is said to be the rule for Com- 
positae. The second or quadrant wall is likewise almost always 
longitudinal, and separates the two cotyledons. The transverse 
walls separating the octants are the third series to appear. 

The first series of walls in the outer octants is oblique, the 
dermatogen being cut off by the second series. In the inner 
octants the first walls differentiate the dermatogen, and the inner 
cells divide again to produce the periblem and plerome. 

The cell below the octants, cell c, by divisions exactly similar 
to those in the inner octants, forms a tier of cells which adds to 
all the primary tissues of the embryo. 

The periblem terminal is formed by the intersection of three 
oblique walls in the cell next below cell c. The other daughter 
cells in contact with the periblem, terminal complete the derma- 
togen of the root, and by splitting form the first layer of the 
root cap. 
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The relations of the primary tissues remain unchanged in 


older embryos. Dermatogen, periblem, and plerome have sepa- 


rate initials, and the root cap arises by proliferation of the 
dermatogen. Thus the embryo of Silphium conforms to the 
“Helianthus type,” as described by Reinke. 
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EXPLANATION OF PLATES III-X. 


All the drawings were made with a camera lucida. Figs. 7-27 and 66 
were drawn with a Reichert ocular no. 4 and objective no. 3; figs. 59-63 with 
Reichert ocular 12 and Bausch and Lomb +; immersion objective ; fig. 92 
with Reichert ocular 2 and Bausch and Lomb +; immersion objective; all 
other figures with Reichert ocular 4 and Bausch and Lomb -; immersion 
objective. The original magnification will be specified for each figure. The 
plates are reduced to three eighths of the original size. 
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PLATE Il 
All figures magnified 130 diameters. 


Fic. 1. First appearance of individual florets: d, disk floret; 7, ray 
floret; 67,, 672, bracts on receptable; involucral bract. 

Fic. 2. A later stage: parts lettered as in fig. 7. 

FIGs. 3-11. Successive stages in development of disk floret: each part 
lettered on its first appearance: cor, corolla tube; s¢, stamens; 4, carpels; 
n, nectaries ; Ja, pappus. 

Fics. 12-21. Stages in development of ray floret: cov, corolla tube; s¢, 
stamens; 4, carpels; ov, ovule; the base of the subtending bract indicates 
the anterior side of the floret. 

Fic. 21, a. Lateral section of floret whose median section is shown in fig. 
21: st, rudimentary stamens. 


PLATE 1V 
Figs. 22-27, magnified 130 diameters; figs. 28, 29, magnified 1375 diame- 
ters. 


Fig. 22. S. integrifolium. Ray floret when archesporial cell first becomes 
recognizable in ovule. 

Fic. 23. Ray floret: nucellus (2) just appearing. 

Fic. 24. S. integrifolium. Older ray floret, ovule half turned: s¢, half 
developed stamen; #, nectary; course of vascular bundles shown by dotted 
lines. 

Fic. 25. S. integrifolium. Ovule at time of first division in archesporial 
cell: sz, nucellus; 7, integument. 

Fic. 26. S. integrifolium. Ovary of older floret, showing nectary, rudi- 
mentary pappus, ovule, and course of vascular bundles. 

Fic. 27. S. integrifolium. Ovary and ovule at time of maturity of 
embryo sac. 

Fic. 28. S. integrifolium. Details of ovule outlined in fg. 22, showing 
archesporial cell. (Safranin-gentian-violet.) 

FiG. 29. S. integrifolium. Nucellus of older ovule; nucleus of arche- 
sporial cell with one nucleolus and eight chromosomes. (Cyanin-erythrosin.) 


PLATE V 
All figures magnified 1375 diameters. 


Fic. 30. S. perfoliatum. Spindle fully formed in archesporial cell; chro- 
mosomes in equatorial plate. (lron-alum-haematoxylin.) 

Fic. 31. S. éntegrifolium. Nucellus with row of four potential megas- 
pores. (Saf.-gen.-violet.) 

FiGs. 32, 33. S. zntegrifolium. Growth of fertile megaspore and its 
encroachment upon the sterile cells. (Saf.-gen.-violet.) 
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FIGs. 34, 35. S. éntegrifolium. Embryo sac with two nuclei. (Cyanin- 
erythrosin.) 


Fi. 36. S. integrifolium. Embryo sac with four nuclei; nucellus rup- 
tured. (Saf.-gen.-violet.) 

F1G. 37. S. integrifolium. Embryo sac with fusing polar nuclei. (Cyanin- 
erythrosin.) 

Fic. 38. S. integrifolium. Mature embryo sac: ca, nucellar cap; sy, 


synergidae; 0, oosphere; ev, primary endosperm nucleus; az, antipodal 
cells. (Saf.-gen.-violet.) 


PLATE VI 
All figures magnified 1375 diameters. 
Fic. 39. S. ¢rifoliatum. Two antipodal cells; indications of direct nuclear 
divisions. 
Fic. 40. S. dacintatum. Three antipodal cells, the inner one with two 
nuclei. 


Fic. 41. S. integrifolium. Three antipodal cells, with a total of five 
nuclei. 

FiG. 42. S. integrifolium. Seven antipodal cells, with a total of eight 
nuclei; ndications of amitotic division. 

Fic. 43. S. ixtegrifolium. Micropylar portion of embryo sac, showing a 
nucellar cap (ca) whose cells have continued growth. 

Fic. 44. S. éutegrifolium. Egg apparatus with nucellar cap, the latter 
showing remains of cell walls and nuclei. 

Fic. 45. S. perfoliatum. Mature embryo sac, showing, especially, the 
long pear-shaped synergidae. (Iron-alum-haematoxylin.) 

Fics. 46-49. S. ¢rifoliatum. Portions of transverse sections of young 
anthers, showing stages in the development of the sporogenous cells and their 
surrounding layers from the hypodermal archesporium; at x, fig. go, the 
endothecium and middle layer are seen to have a common origin. (Fuchsin- 
iodine-green.) 


PLATE VII 
Figs. 50-58, magnified 1375 diameters ; figs. 59-67, magnified 2400 diameters. 


Fic. 50. S. trifoliatum. Transverse section of older anther; nuclei of 
pollen mother-cells in synapsis stage ; tapetal cells (¢) mostly with two nuclei; 
cells of middle layer also granular and deeply stained. (Fuchsin-iodine-green.) 

Fics. 51-53. S. integrifolium. A series of longitudinal sections of 
anthers, for comparison with the transverse sections. (Cyanin-erythrosin.) 

Fic. 54. S. integrifolium. Two pollen mother-cells with spindles of the 
first division, one seen from the side, the other from the end; eight chromo- 
somes; tapetal cells, with two nuclei, lying next to the endothecium; no 
middle layer. (Saf.-gen.-violet.) 
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Fig. 55. S. éntegrifolium. Second division inpollen mother-cell. (Iron- 
alum-haematoxylin.) 

Fic. 56. S. integrifolium. Tetrad. (Saf.-gen.-violet.) 

Fic. 57. S. integrifolium. Young pollen grain. (Saf.-gen.-violet.) 

Fic. 58. S. integrifolium. Older pollen grain, with large vacuole and 
growing spines. (Cyanin-erythrosin.) 

Fic. 59. S. integrifolium. Pollen grain with vegetative (v) and genera- 
tive (g) nuclei. (lron-alum-haematoxylin.) 

Fic. 60. S. integrifolium. Generative nucleus has divided into two male 
nuclei (wz). (Saf.-gen.-violet.) 

Fic. 61, a-c. S. integrifolium. Stages in development of spiral male 
cells. (Saf.-gen.-violet.) 

Fic. 61,f. S. perfoliatum. Elongated male cell, showing fine nuclear 
network and delicate film of cytoplasm. (Iron-alum-haematoxylin.) 

Fic. 62. S. integrifolium. Pollen grain in detail, showing vegetative 
nucleus, two male cells, prismatic structure of exine, and the “ sheath”’ 
derived from the tapetum. (Iron-alum-haematoxylin.) 

Fic. 63. S. terebinthinaceum. Pollen grain, similar to the last; details of 
exine and sheath not drawn. (Iron-alum-haematoxylin.) 


PLATE VIII 
Fig. 66 magnified 130 diameters ; all other figures, 1375 diameters. 


Fic. 64. S. daciniatum. Fertilization; pollen tube (/. ¢.) passing outside 
the nucellar cap ; male nucleus within the oosphere. (Fuchsin-iodin-green.) 

Fic. 65. S. integrifolium. Dividing primary endosperm nucleus near tip 
of oospore ; cap (ca) still perched on end of embryo-sac. (Saf.-gen.- violet.) 

Fic. 66. S integrifolium. Diagram of sac, showing two-celled embryo 
and five spindles in endosperm ; the synergid (sy) might be mistaken for a 
pollen tube. 

Fic. 67. S. integrifolium. First division in oospore; synergid and 
nucellar cap. 

Fic. 68. S. terebinthinaceum. Two-celled embryo; nuclei preparing for 
next division. 

FG. 69. S. integrifolium. Embryo with three cells, probably by division 
of vesicular cell of fig. 68: c, in all figures, designates the cell below the 
octants, or its product. 

Fic. 70. S. terebinthinaceum. First longitudinal wall in embryo cell, in 
radial plane. 

Fic. 71. S. integrifolium. Similar embryo, side view. 

Fic. 72. S.terebinthinaceum. Quadrant stage in embryo cell, by two longi- 
tudinal divisions. 
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Fic. 73. S. integrifolium. Quadrant stage, by longitudinal and a trans- 
verse division. 

Fic. 74. S. integrifolium. Octant stage; cell c with one longitudinal 
wall. 

In each of the above figures the entire embryo has been drawn. The 
succeeding figures represent median sections. 

Fic. 75. S. integrifolium. One octant divided by anticlinal wall; three 
cells in suspensor, by transverse division of vesicular cell of fg. 73. 

Fic. 76. S. integrifolium. Dermatogen cut off by periclinal in one octant, 
anticlinal wall in other upper octant; two remaining upper octants, not 
drawn, are like the latter. 


PLATE [X 


All figures magnified 1375 diameters. Fig. 82, S. terebinthinaceum ; other 
figures, S. integrifolium. 

Fic. 77. Anticlinal wallsin upper octants; lower octants undivided ; 
longitudinal wall in c. 

Fic. 78. Second division, periclinal, in one upper octant; dermatogen 
cut off in lower octants, also in cell c; intersecting walls in cell below c. 

FiG. 79. Periblem and plerome separated in left lower octant; plate of 
four cells from cell c. 

Fic. 80. Order of divisions in upper octants hard to determine. Derma- 
togen, periblem, and plerome distinct in lower octants. 

Fic. 81. Periclinal followed by anticlinal in left upper octant; in the 
right anticlinal precedes periclinals. 

Fig. 82. Cells of lower octants elongated, and beginning to form two tiers ; 
inner cells of tier c greatly enlarged. 

Fic. 83. Divisions in upper octants quite regular; cells of lower octants 
dividing transversely ; periblem and plerome partly separated in tier c. 

Fic. 84. Two tiers in lower octants nearly completed. 

Fic. 85. Two completed tiers of cells in lower octants. 

Fic. 86. Plerome cells of lower octants commencing to divide longitudi- 
nally ; spindle indicates division of inner cells of ¢ into periblem and ple- 
rome ; oblique wall in Amschlusszelle, S. 


PLATE X 


Figs. 88-91, magnified 1375 diameters ; fg. 92, magnified 890 diameters. 
Fic. 88. S. integrifolium. In the cell below c, three dermatogen-termi- 
nals (d. s.) and a periblem-terminal (/. s.) have been formed by the intersec- 
tion of three oblique walls. 
Fic. 89. S.integrifolium. Dermatogen, periblem, and plerome distinct in 
tier c; periblem-terminal divided by two intersecting longitudinal walls ; 
entire embryo outlined in fig. 89, a. 
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Fic. 90 S. ¢rifoliatum. Two concentric layers of cells in plerome of lower 
octants and of tierc ; periblem and dermatogen terminals almost as in fig. 89. 

Fic. ot. S. integrifolium. Anticlinal divisions in periblem-terminals ; 
periclinal walls in lateral dematogen-terminals (de), and the spindle in mid- 
dle one show formation of first layer of root cap. 

F1G. 92. S. integrifolium. Portion of a much older embryo, outlined in 
fig.92,@; nuclei in dermatogen cells only; periblem and plerome sepa- 
rated by heavy line; outer layers of root cap irregular. 
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BRIEFER ARTICLES 


AN IMPORTANT WORK ON GARDEN BOTANY. 


Tue third edition of Vilmorin’s Blumengdrtnerei should be in every 
herbarium where important systematic work is done. It is one of the 
most notable contributions ever made to the botany of cultivated plants, 
but seems to be very little known in America, and therefore deserves 
extended notice. Even to those who work exclusively with wild plants, 
this work is a treasure, a much safer guide in many cases than anti- 
quated floras, and a refuge ror all sorts of puzzling names, particularly 
for names since /udex Kewensts, and for cultivated plants. Nicholson’s 
Dictionary of Gardening, an admirable work, is larger, and has more 
and better pictures, but the botanical work in Vilmorin’s B/umengart- 
nerei has the advantage of a systematic arrangement. The arrange- 
ment in the former work is alphabetical as to genera and species; of 
the latter systematic and apparently De Candollean, but with an index 
of 78 pages, printed on tinted paper, and placed at the front of the 
work. Such an arrangement is infinitely more desirable for the stu- 
dent. The first volume of Vilmorin’s B/umengdartneret contains a review 
of the whole vegetable kingdom from the garden point of view, in 
1264 pages, describing 245 families, 1474 genera, and 4049 species, 
and accounting for about 24,000 Latin names. ‘The second volume, 
in its 244 pages, contains a great variety of matter, including a key to 
orders and genera, and 100 colored plates, four plants on a page. 
Other features are a glossary of botanical and horticultural terms; a 
review of the principles of horticulture in 38 pages; lists of plants 
suitable for special purposes; tabulated information concerning plants 
arranged in cultural groups, together with analytical keys and indexes 
galore. Unfortunately there are no references to original descriptions 
or to reliable pictures, a class of matter that is invaluable to the stu- 
dent or monographer, and which can be so abbreviated as to occupy 
little space. The botanist must not expect too much of the illus- 
trations. They are mostly small (two inches each way or thereabouts), 
and designed to show habit. The trained botanist could dispense 
with the colored plates. 
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The chief value of the work to the systematic botanist is the mod- 
ern and thorough spirit with which all the plants are described. It 
seems to have all the merits of German scholarship at its best. The 
editors are A. Siebert and A. Voss. Alfred Rehder, the young German 
specialist on hardy trees and shrubs, who is writing at the Arnold 
Arboretum for the forthcoming Cyclopedia of American Horticulture, 
declares that Voss has a wonderfui first-hand knowledge of the plants 
that are actually cultivated in Germany. He knows both the live 
forms and the dried specimens. The “third edition” of Vilmorin’s 
Blumengdartnerei was published in 1896 by Paul Parey, at Berlin. The 
name is an odd one, being suggested perhaps by trade reasons. Its 
connection with Vilmorin’s Les Fleurs des Pleine Terre seems to be 
historical and commercial, as Vilmorin’s Blumengartneret is very 
greatly superior to the early editions of the French work, although 
Les Fleurs des Pleine Terre has had a long, honorable, and useful 
career. The work of Voss does not exclude greenhouse plants, as 
might be imagined. It includes all the most important fruits, flowers, 
vegetables, and ornamental plants cultivated in Germany, and there- 
fore really amounts to a monograph of the whole horticultural world 
from the German point of view. The nomenclature is probably too 
radical for the German seedsmen, who grow many of the flower-seeds 
that are circulated by American dealers. It would be hard to over- 
praise this work. In his studies for the Cyclopedia of American Horti- 
culture, the writer has come to believe that Vilmorin’s Blumengdrtneret 
is in many respects the best monograph of the garden plants of the 
world that has appeared in the nineteenth century.— WILHELM MILLER, 
Ithaca, N. Y. 


THE SOCIETY FOR PLANT MORPHOLOGY AND 
PHYSIOLOGY. 


YALE MEETING, DECEMBER 27, 28, 1899. 


THIs society met, with the American Society of Naturalists and the 
affiliated scientific societies, at Yale University, with Professor J. M. 
Macfarlane as president. The following officers were elected for the 
ensuing year: president, D. P. Penhallow; vice presidents, Roland 
Thaxter and Erwin F. Smith; secretary-treasurer, W. F. Ganong. The 
following new members were elected: Oakes Ames, J. M. Coulter, 
Carrie M. Derick, B. M. Duggar, A. W. Evans, M. A. Howe, L. R. 
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Jones, Henry Kremer, F. E. Lloyd, D. T. MacDougal, Conway Mac- 
Millan, G. T. Moore, Adeline F. Schively, Hermann von Schrenk, Julia 
W. Snow. The most important business of general interest was the 
appointment of a committee to endeavor to secure better reviews of 
current botanical literature, as referred to below. 

The address of the president, upon Current problems in plant cytol- 
ogy, will probably be published in full later. The following papers 
were read. In each case the synopses are made by the secretary from 
longer abstracts furnished by the authors, the limits of space in the 
GazETTE preventing the publication of the abstracts in full. 


G. E. STONE: Geotropic experiments. 


The author has attempted to settle the old question as to the angle 
at which gravity acts most strongly on a geotropically sensitive organ- 
ism. Grass nodes and roots of Vicia faba were used, and experiments 
with dynamometers, with averages of cut plants in moist sand at differ- 
ent angles, and with results of after effect of stimulation were employed. 
All these experiments gave similar results, namely, that the horizontal 
position is that of greatest geotropic excitability, and that the relation- 
ship in this respect between nodes at oblique angles and those hori- 
zontal is proportional to the cosines of their angles. 


D. S. Jounson: Zhe embryo sac of Saururus cernuus. 


The primary archesporial cell divides into an upper tapetal cell, 
and a definitive archesporial cell, which forms three potential macro- 
spores, the lower becoming functional and developing the usual seven- 
nucleate embryo sac, which becomes flask-shaped. ‘The antipodals 
soon become indistinguishable, and endosperm forms in the neck of 
the flask before any change appears in the egg. In the ripe seed only 
the tip of the large nucellus has been used up in formation of endo- 


sperm, while the lower part of the embryo sac is still without endo- 
sperm or nuclei. 


W. G. Fartow: Zhe best way of securing a good review of current 
botanical literature. 
The substance of this address has already appeared in the GAZETTE 
for January. Asa result of the address, and of discussion upon it, a 
committee, consisting of Messrs. Farlow, MacDougal, and von 
Schrenk, was appointed to endeavor to secure some improvement in 
the reviews of current botanical literature. The committee decided to 


q 
oan 
|. 


1900 | BRIEFER ARTICLES 137 
communicate to the editors of the Botanisches Centralblatt, through the 
secretary, the opinions of the society upon this subject. 


H. S. Conarp: Fasciation in the sweet potato. (By invitation.) 


The author pointed out that fasciations are very common in sweet- 
potato plants, particularly those from rich soil, and that of such plants 
one half to one per cent. are ring-fasciated. ‘The tubular parts, which 
may be two or three feet long, bear leaves and adventitious roots 
within, and show two bundle systems, an outer and an inner, which 
are alike except that the latter faces the tube cavity. They are entirely 
separate, but merge upward into a ring-shaped meristem, and down- 
ward the inner system gradually disappears below the end of the tube. 


F. C. Srewart: Leaf scorch of the sugar beet. 


This paper has since been published in the New York Agricultural 
Experiment Station Bulletin no. 162. Proofs were given that a sudden 
blackening and death of the foliage of sugar beets in central New York 
in August 1899 was due not to parasitic organisms but to scorching 
through excessive transpiration. 


F. Grace Smitu: Distribution of red color in vegetative parts in the 

New England flora. (By invitation.) 

The author discussed the various theories hitherto advanced to 
explain the presence of red color in vegetative parts of plants, to test 
which she has observed the occurrence of red in the New England 
flora, classifying its distribution according to the part in which the 
color occurs, and the relationship of the red organ to outside condi- 
tions, and tabulating the results in percentages. In general they show 
that red occurs preponderantly in conducting parts, and in those 
exposed to light and dryness, but the results do not agree with any of 
the current theories; whence the conclusion is drawn that the meaning 
of the color must be different in different cases, or else it is determined 
by some factor to which we as yet have no clue. 


D. P. PENHALLOW: Zhe morphology of certain plants from the Devonian 
of Europe and America. 

The author traced the history of the important fossil Parkia dect- 
piens, which was first proven to be of plant origin by Dawson and Pen- 
hallowin 1891. Remains since discovered have shown that it possesses 
macro- and microsporangia, and that it is closely related to Mar- 
silia and Pilularia. Another fossil of much importance is Dawson’s 
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Nematophyton, of which no fruit has yet been obtained. The stem 
structure however is pseudo-exogenous, and closely like that of many 
Laminariz. A remarkable and misleading crystallization effect was 
described. The paper was fully illustrated by photographs projected 
by the stereopticon. 


G. T. Moore: Motes on the morphology and reproduction of Chlorocystis 

Cohnii. (By invitation.) 

This unicellular alga, growing on Enteromorpha, was described, 
several errors of earlier observers corrected, and some new information 
given. It is not always an endophyte but as often an epiphyte. The 
chromatophore varies from the one-sided arrangement, hitherto con- 
sidered typical, to a complete lining of the wall. ‘Two sizes of zoo- 
spores are formed, but no conjugation is probable. Discharge of the 
zoospores occurs through a circular opening and not through a tubular 
neck as formerly described. 


D. MacDouecat and F. E. Luoyp: Zhe roots and mycorhizal adapta- 
tions of the Monotropacee. (By invitation.) 

The authors have investigated MJonotropa uniflora and describe the 
histology of its roots, and the structure and mode of entrance of the 
fungus. In general the following seems true of all Monotropacez so 
far studied : the shoots lack chlorophyll and usually stomata; the usual 
relations of size of shoot to root are lost; the stele is much reduced 
and consists only of perforated vessels and companion cells; the fungus 
encloses the tip and penetrates the epidermis, forming special structures 
in the latter. The relation of fungus to host is a pure symbiosis. 


R. THAXTER: Zhe structure and reproduction of Compsopogon. 

The author gave some account of the distribution of Compsopogon 
in Florida and described its general structure, calling attention to the 
fact that the older filaments may possess a cortex consisting of from 
two to four layers of cells. ‘The details of cell structure and the normal 
reproduction by aplanospores were illustrated, as well as the formation 
of smaller aplanospores derived from sorus-like groups of superficial 
cells. he paper will be published in full in the BoTanicaL GAZETTE. 


HERMANN VON SCHRENK: Some diseases of New England Conifere. 
(By invitation.) 
The coniferous woods of this region are being destroyed by the 
mycelia of a number of fungi, chiefly of the genus Polyporus, which 
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act by destroying the lignin and leaving pure cellulose, or by trans- 
forming the wood into a brown brittle substance. ‘The changes are 
brought about by an enzyme, and their extent is determined by the 
formation of decomposition products which stop the enzyme action at 
a certain point. Six forms of wood destruction were described, of 
which specimens and photographs were shown. 


F. H. BLopcerr: Vegetative reproduction and multiplication in Erythro- 
nium. (By invitation.) 

The author described the common origin, within the bulb, of the 
runners and annual bulbs; they come from axillary buds between 
the base of the stem and the inner bulb scale. He described also 
the development of the first bud from the seedling. From the seed the 
life cycle occupies not less than four years, probably longer in most 
cases, during which time several plants are developed. 


Henry KRAEMER: Zhe structure of starch grains. (By invitation.) 

The author discussed the meaning of the different appearances 
given in drawings of starch grains by different authors, some drawing 
the hilum as light and others as dark, and showed that the differences 
are due to the particular view (2. ¢., focus) of the grain taken by the 
student. Treatment with iodine and aniline colors shows that the 
layers consist of substance rich in colloids but poor in crystalloids, 
alternating with substance rich in crystalloids and poor in colloids. 
The opinions of other authors as to the meaning of these layers were 
discussed. 


Ropney H. True: Zhe toxic action of a series of sodium salts. (By 
invitation.) 

From experimental results worked out by Drs. Kahlenberg and 
True, the latter formulated the results presented. After studying the 
toxic action exerted on roots of Lupinus albus by a series of acids, and 
by their Na salts, it was determined, in view of the ionization of those 
compounds, to make an analysis of their toxic action into the partial 
toxicities due respectively to H ions, anions, and un-ionized molecules. 
The results were presented in detail. 


F. E. Ltoyp: Further notes on the embryology of the Rubiaceae. (By 
invitation. ) 


A continuation of the author’s studies which formerly covered only 
the Stellatae, but now include Diodia, Cephalanthus, and Richardsonia. 
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A comparative account was given of the development of ovule, embryo 
sac, antipodal cells, funicle, and suspensor. 


J. B. PoLtock: Zhe stimuli that cause the so-called “ peg” or “heel” on 
J 
Cucurbita seedlings. 


No abstract furnished. 


W.C. Coker: On the prothallus of Taxodium distichum. (By invitation.) 

The development of the embryo-sac, archegonia, endosperm, polli- 
nation, development of the male pro-nuclei, fertilization, and develop- 
ment of the pro-embryo are described in full. 


A. W. Evans: A new type of branching in the leafy Hepatica. (By 
invitation.) 

The terminal branching in this group, according to Leitgeb, always 
occurs in the ventral half of one of the lateral segments cut off from 
the apical cell. In Mastigobryum integrifolium Aust. of the Hawaiian 
islands, however, it occurs in both lateral and ventral segments, show- 
ing that it is much less restricted than hitherto supposed. 

E. B. CopeLAND: The geotropism of split stems. (By invitation.) 

Numerous experiments by the author show that if a stem be split 
into two equal halves lengthwise and then placed horizontally the rate 
of growth of the lower half is accelerated and of the upper depressed. 
This of course occurs in an uncut stem, but this result shows that there 
is no necessity for assuming a transverse transmission of the stimulus, 


as has hitherto been held. The paper will be published in full in the 

BoTANICAL GAZETTE. 

Harriet B. Winsor and W. F. GANonG: Some variations and correla- 
tions in the leaves of trees. 

The authors presented the results of an attempt to apply statistical 
methods to the study of an ecological problem, namely the influences 
determining the length of the petiole and the shape of the leaf. Trees 
were selected, and measurements made upon five hundred specimens 
of leaves from different positions and the results plotted in curves. 


The paper was offered as an illustration of method, and the studies 
are to be continued. 


J. M. MacraRLaNne: Perennation in the stem of Lycopodium alopecuroides. 


The author showed that the branch in this species dips into the 
ground in autumn by geotropic growth. This part becomes colorless, 
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loaded with starch, and bears modified leaves, the whole forming a 
hook-like structure which lies dormant until the next spring, when it 
again comes to the surface and resumes the usual development. The 
peculiarity is being acquired, for some plants growing under special 
conditions show it but feebly. 


W. F. Ganonc: The phytoecology of the Bay of Fundy salt marshes. 

The great salt marshes at the head of the Bay of Fundy offer some 
features differentiating them both physically and in their vegetation 
from other known salt marshes. The processes of reclaiming them 
allow many stages in the succession of plants to be seen, and this 
paper described the vegetation and its peculiar features from the 
dynamical point of view. 


H. J. WEBBER: Complications in Citrus hybridization caused by poly- 
embryony. 

The author pointed out, and illustrated by photographs, the fact 
that in polyembryonic Citrus seeds, which are result of hybridization, 
only one of the embryos shows any trace of characters of the pollen 
parent while all others are like the ovule parent. Doubtless the true 
hybrid is derived from the fertilized egg-cell, and all the others from 
adventive embryos produced by nucellar tissue. The fact has a prac- 
tical bearing for Citrus hybridizers in that it will be necessary to raise 
many embryos into seedlings before the hybrid can be found. 

W. F. GANONG, 
Secretary. 


CERASTIUM ARVENSE OBLONGIFOLIUM. 


In 1887 Hollick and Britton, in a paper on “ Cerastium arvense L. 
and its North American varieties,’ remarked that the variety od/ongi- 
folium, as it occurs from southern New York to Maryland, “is appar- 
ently confined to magnesian rocks,” such as areas of serpentine and mag- 
nesian limestone, citing several localities in proof of it. They were not so 
confident about it in other places, though mentioning one from which 
the original of Torrey’s C. oblongifolium came, “a region of magnesian 
limestone near Sandusky, Ohio.” Having in May last found this 
variety— or perhaps one which agrees more closely with the variety 
maximum of Hollick and Britton—on a limestone ledge near Lockport, 


* Bull. Torr. Bot. Club 14: 45. 1887. 
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Ill., I was curious to ascertain whether this peculiarity was true for 
this locality, being aware that many beds of the Niagara limestone 
on which the plants were growing are magnesian, and have been used 
in the manufacture of hydraulic cement, the carbonate of magnesia 
sometimes exceeding 40 per cent. Consulting the Geological Survey 
of Illinois? it was found that Frank H. Bradley, the writer of the 
chapter on the geology of Will county, in which the ledge is situated, 
describes the building stones of Joliet and Lockport as “‘a fine grained, 
clinking, magnesian limestone.” There can therefore be little ques- 
tion about the preference of the plant in this locality. 

I have met with the variety od/ongifolium but once before, having 
collected it in 1873 near Kankakee, IIl., where the same limestones 
occur. Outcrops of rock were frequent along the road by the side of 
which the plants grew, though the memorandum with the specimens 
does not say they were taken from the rocks. They were also from a 
locality where the beds, according to Professor Bradley, “apparently 
correspond with those quarried at Joliet.”3 The plants may safely be 
said to show their preference here also. 

It was intimated above that the specimens at Lockport closely 
resembled the var. maximum Holl. & Britton, though this variety is 
assigned to California only. ‘The stems are tall for the species, being 
3-4.5°" high, ascending to nearly erect from a short decumbent base. 
The leaves are lanceolate to lance-oblong, 3-5 long by 5—12"™ wide, 
acute or acutish, as long and wide as those figured in p/. 64, fig. 2, 
of Hollick and Britton’s article, but not quite so lanceolate, taper- 
ing from the middle rather more than from the base. The large 
white flowers have petals 10-12"" long ; the ripened capsule is about 
15"" long, half or slightly more than half covered by the calyx. ‘The 
plants are much more like fg. 2 of this plate than f/. 63, which shows 
the variety oblongifolium. Robinson* remarks on the var. maximum 
“Similar robust forms of C. arvense have been found on the St. Clair 
river, Wis. (Houghton); and N. Illinois at Joliet (Boott) and Dixon 
(Vasey).” As the locality near Lockport is but six miles from Joliet, 
the forms may be identical in both places. If deemed the variety 
oblongifolium, it is not easy to distinguish the Lockport plants from 
those figured as the variety maximum.—E. J. H1LL, Chicago. 

? Rep. Ill. Geol. Surv. 4: 220. 1870. 

3 Rep. Ill. Geol. Surv. 4: 233. 1870. 


4Synoptical Flora of N. America, 1*: 231. 1897. 
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A NEW VIOLET. 


Viola erectifolia.— Stems short, 2-3 long, from a single vertical 
tap-root: leaves elliptic to narrowly oblong or oblanceolate, entire or 
obscurely repand-crenate, sparsely pubescent on the veins and margins 
or glabrate, 3-8" long; petioles pubescent, longer than the blades: 
peduncles about 8™ long, slightly surpassed by the leaves: sepals 
linear, 7" long: petals yellow, more or less tinged and streaked with 
purple, 12™" long; the laterals with a small tuft of short stiff hairs 
below the middle: appendages of the anthers red and broadly ovate. 

This is undoubtedly the V. Muttaliii of Tweedy’s of Yellow- 
stone Park, and possibly also, in part, of Hooker’s Flora, but it certainly 
is not Pursh, Fl. 1: 174. The latter is a plant of the 
sandy plains of the Missouri and its tributaries, while the one now 
named is of the open woods in subalpine stations. The two can never 
be confused in the field, for V. Vuttaddii has a prostrate spreading habit 
and several to many semifleshy roots, while the other holds its leaves 
and peduncles strikingly erect and all arise from a very characteristic, 
single, vertical root. Were it not for the differences in root characters, 
one might think that Hooker’s figure, Fl. Bor. Am. 1: f/. 26, was 
drawn from specimens of V. erectifolia. In fact it seems possible that 
Dr. Richardson’s specimen, cited by Hooker, may be this species. 

This species seems to be abundant in the mountains of Yellowstone 
Park and the adjacent ranges to the west. Type specimens from 
Henry’s Lake, Idaho, June 22, 1899, no. 5481.— AvVEN NELson, Unt- 
versity of Wyoming, Laramie. 
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OPEN LETTERS. 


WHAT IS PRUNUS INSITITIA ? 


I AM somewhat at a loss to understand the criticism which Dr. Rydberg 
offers in the December GAZETTE upon my conclusions regarding Prumis tnsiti- 
Zia Linn. as set forth in the GAZETTE of last June. He says: “If Professor 
Waugh had said that P. zzsz¢ztia is the same as P. domestica damascena ... | 
would have been the last to criticise.’’. This is precisely what I did say ; and 
it is a conclusion upon which I still insist. 

My reasons for this conclusion are so fully set forth in the article of last 
June that they need not be reiterated here. As Dr. Rydberg has appealed to 
the European literature, however, I may call attention to the fact that this was 
somewhat fully cited in my original article ; and that special prominence was 
given tothe opinions of Koch, whom Dr. Rydberg properly calls “ the acknowl- 
edged authority in Germany.” In citing Koch I directed attention to the 
peculiar fact that his opinion in 1869* was contradicted by his opinion in 1876,? 
In this latest study of his, which gives the clearest view of the European 
fruit flora with which I am acquainted, Koch says in so many words that 
Prunus insititia ‘is a Damson run wild.”’ This agrees fully with the conclu- 
sion in hand. 

I may add that, since writing the article which appeared in the GAZETTE 
of last June, I have seen the European bullace growing thriftily and fruiting 
abundantly in the grounds of Messrs. Ellwanger & Barry, Rochester, N. Y. 
It is not to be distinguished botanically or horticulturally from the damson 
group of plums, for which the oldest botanical name is Prunus domestica 
damascena Linn. This bullace, however, is what is generally known in 
Europe as zusttitia. 

Dr. Rydberg says that Prunus insititia does not exist in America. That 
depends on what he means. The damsons are very common in our gardens, 
of course, and in some places have run more than half wild. Holding to the 
belief, then, that the damsons, ?. domestica damascena and P. insititia are 
all one thing, I should say that, if P. zs¢tétéa exists anywhere, it exists 
today in America._-F. A. WauGu, University of Vermont, Experiment 
Station. 


Dendrologie 1:95. 1869. 


? Deutsche Obstgeholze 142. 1876. 
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CURRENT LITERATURE. 
BOOK REVIEWS. 
A cytological review. 


CYTOLOGICAL literature has been accumulating so rapidly during the past 
few years that investigators have keenly felt the need of a critical review of 
the more important papers. It is extremely fortunate that Strasburger, the 
man best fitted to make such a review, has undertaken the work and pre- 
sented the results in his masterly way, which makes the book a necessity to 
everyone engaged in cytological research. The volume’ contains a brief, 
judicious summary of the cytological work which had appeared up to August 
1899. It is more than a summary, for the author has taken this opportunity 
to present his own most recent researches upon these subjects, and has given 
the conclusions which he has reached from a fresh study of the literature and 
from his own work. 

The reduction division.—In introducing this subject the statement is made 
that the existence or non-existence of a reduction division has not yet been 
settled, either in plants or in animals. After presenting the evidence, both 
for and against a reducing division, he concludes that in both the nuclear 
divisions concerned in the formation of spores from spore-mother cells, the 
splitting of the chromosomes is longitudinal, and consequently there is no 
reducing division. The peculiarity of the first division which follows the 
numerical reduction of the chromosomes lies in the fact that the chromo- 
somes incline to an early separation and very soon undergo a second longitu- 
dinal fission. The second nuclear division which follows the numerical 
reduction of the chromosomes merely distributes the chromosomes, which are 
already marked out when the first division occurs. In the bryophytes and 
most of the pteridophytes the numerical reduction of the chromosomes occurs 
long before the process of fertilization; but in the heterosporous pterido- 
phytes the two processes are much less widely separated, and in the flowering 
plants reduction of the chromosomes and the process of fertilization come 
very close together. This nearing of the reduction of chromosomes to the 
process of fertilization is plainly a derived condition caused by the reduction 
of the gametophyte. The author still regards the reduction of chromosomes 
as a phylogenetic phenomenon, which is not the cause but rather the result of 

'STRASBURGER, EDUARD: Ueber Reduktionstheilung, Spindelbildung, Centro- 
somen, und Cilienbildner im Pflanzenreich. 8vo. pp. xx-+ 224. f/. g. Jena: 
Gustav Fischer. 1900. 10.50. 
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fertilization, the reduction bringing about a return to the ancestral number of 
chromosomes. 

Spindle formation.—Nemec’s recent investigations led him to believe that 
in vegetative cells the spindle is bipolar from the start, while in spore-mother 
cells it is at first multipolar. The author objects to this distinction because 
he thinks that the two forms intergrade. In root tips of Aphedra major he 
finds that in the early prophase of division a layer of delicate kinoplasm is 
formed about the nucleus, and that this layer soon collects at opposite poles 
of the nucleus, where it appears as a pair of caps, the filamentous nature of 
which is easily recognized. As the nuclear membrane disappears, threads 
grow into the cavity, some of them becoming fast to the chromosomes and 
others forming continuous threads from pole to pole. Since the threads have 
the same origin and same reaction to reagents, he does not approve the dis- 
tinction into mantle fibers and central fibers. 

Centrosomes.—The conclusion is reached that centrosomes are absent from 
the higher plants, although it is conceded that it would be unscientific to 
assert that their occurrence here is impossible. Strasburger is inclined, at 
present, to attribute to the kinoplasm of the higher plants all those functions 
which it elsewhere shares with the centrosome. 

Cilia-forming organs.—The existence of blepharoplasts, which he charac- 
terizes as specialized masses of kinoplasm, should not be regarded as evi- 
dence in favor of a general occurrence of centrosomes among the higher 
plants. While acknowledging that it would be hard to doubt the centrosome 
nature of the organ which gives rise to the tail of the animal spermatozoon, 
he does not think it necessary to assume that the bodies at the base of cilia 
in animals are centrosomes. The evidence does not point to the existence of 
similar bodies at the base of the cilia of plant swarm spores and gametes.— 
CHARLES J. CHAMBERLAIN. 


Classification of bacteria. 

THE completion of Migula’s great taxonomic treatise will be cordially 
welcomed by all bacteriologists. The first or “ general” part which was 
reviewed in this journal? on its appearance some two years ago clearly fore- 
shadowed the importance of the “special” part, and the huge volume of 
1068 pages now before us? does not disappoint the expectations that were 
then raised. Here are brought together some 1200 descriptions of bacterial 
species with a more or less complete bibliography of each form, and, what is 
perhaps more important than all else, with an orderly arrangement by means 
of which related forms may be readily traced. With all its obvious defects, 

2 Bor. GAZ. 24: 379. Nov. 1897. 

3 MicuLa, W.: System der Bakterien. Handbuch der Morphologie, Entwicke- 
lungsgeschichte und Systematik der Bakterien. Zweiter Band. Specielle Systematik der 
Bakterien. 8vo. pp. 1068. f/. 78. figs. 35. Jena: Gustav Fischer, 1900. AZ 30. 
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it remains true that Migula’s system of classification is the best working 
classification now available, and the appearance of this comprehensive 
treatise based on his system is likely to facilitate its introduction. 

In the preface, the author states that it was originally his intention to 
obtain cultures of all the bacteria described and to conduct extensive com- 
parative investigations, but after nine years of labor, and with much personal 
sacrifice, only about half of the forms described were obtained. He some- 
what naively continues: “Das Schlimmste war aber, dass von den ungefahr 
600 Kulturen, die ich nach und nach bekommen hatte, nur ein kleiner Teil 
den Original-beschreibungen wirklich entsprach, die meisten Arten jedoch 
entweder falsch bestimmt waren, oder sich in langjaihriger Kultur so in ihren 
kulturellen Eigenschaften verandert hatten, dass sie mit der urspriinglichen 
Beschreibung nicht in mindesten mehr iibereinstimmten.”” The original plan 
was consequently abandoned and the description of each species is given as 
nearly as possible in the words of the original discoverer, even where there is 
reason to think that two writers have independently described one and the 
same microbe. It is but natural that there should be shrinking from the 
herculean task of welding together imperfect and incomplete descriptions, 
and it is perhaps more useful in the present state of investigation to possess 
in convenient form and in some one place all descriptions by all writers how- 
ever variable they may be in accuracy and completeness. At the same time 
it is probable that a more ruthless hand than Professor Migula’s would have 
eliminated some of the more obviously unfit descriptions that have been 
allowed to cumber his pages. 

The colossal work that has been performed by Dr. Migula may be best 
appreciated when it is stated that descriptions of over 300 different kinds of 
spherical bacteria, over 700 rod-shaped bacteria and 96 spiral forms have 
been carefully transcribed, arranged and supplied with an excellent artificial 
key. If defects in manner and matter are found, they are due quite as much 
to the chaotic condition of systematic bacteriology as to lapses on the part of 
the author. Careful examination of portions of the text has failed to reveal 
any errors of great moment, although several taults of omission and commission 
have been noticed. Exception, for instance, may be taken to the statement 
on p. 393 regarding B. Welchit (B. aerogenes capsulatus) that the germs 
“seem to possess no pathogenic properties,” a statement explained perhaps 
by the fact that no reference is given to the important study of this germ in 
volume I of the Journal of Experimental Medicine. We find also no notice 
of B. pyogenes filiformis (Flexner, Journ. Expt. Med.2: 211), an organism 
that presents many points of interest to the systematist. 

Among the more important omissions we have noticed are all the species 
of water bacteria described by two American writers, Wright (Memoirs 
National Academy of Sciences 7. 1895) and Ravenel (Memoirs National 
Academy of Sciences 8. 1896). However, only the continued practical use 
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of a text of this sort, in special investigations will show whether errors and 
omissions are sufficiently numerous to impair the value of a book that is cer- 
tainly the fruit of monumental labor.— E. O. JORDAN. 


A volume of Saccardo’s Sylioge. 


THE ACTIVITY of cryptogamic botanists is well shown by the recent issue 
of another volume supplementing Saccardo’s great work enumerating all 
known fungi. The volume has been prepared with the assistance of Dr. P. 
Sydow, and contains descriptions of species of fungi published during the 
four years closing with 1898. It was at first thought that an annual supple- 
mentary reference list of new species, omitting descriptions, would sufficiently 
meet the needs of working botanists, and three such lists were published in 
Hedwigia. But the great number of species constantly appearing makes 
the desirability of a volume like the present one beyond all dispute. 

The species issued during the period of four years attained very nearly 
the enormous number of five thousand. This brings the total number of 
species described in twelve volumes of the Sy//oge, two additional volumes 
being devoted to indexes, up to 47,304. 

Next to the convenience of possessing all specific and generic descriptions 
is that of good indexes, and in these the Sy//oge is not wanting. The present 
volume is supplied with a full index of species and of hosts, together with 
one of the genera and higher divisions contained in all the fourteen volumes. 

Much critical acumen has been shown in compiling the work, and many 
duplications of species or of names have been rectified. There also appear 
descriptions of twenty-nine species not before published. 

A novel and interesting feature of the work is the tabulation for easy com- 
parison of all the genera of the Sy//oge, arranged according to the complex- 
ity of structure of the spores. This part occupies sixty-two pages. 

Altogether the work is one of great value to the student of systematic 
mycology. So long as new species continue to be issued by the thousand 
yearly, botanists cannot be too grateful for helps of this kind. 

The volumes may be obtained through book dealers, or by addressing the 
senior author at Padua, Italy.—J. C. A. 


NOTES FOR STUDENTS. 


PROFESSOR ROBERT A. HARPER® has published the results of his 
researches on cell-division in sporangia. These investigations were a natural 


4Saccarbo, P. A. and Sypow, P.: Sylloge fungorum omnium hucusque cogni- 
torum digessit, P. A. Saccardo; vol. XIV, supplementum universale Pars iv. Adjec- 
tus est index totius operis. 8vo. pp. 1316. Patavii, 1899. 83 francs. 


SITIARPER, ROBERT A.: Cell-division in Sporangia and Asci. Annals of Bot., 
13: 467. 1899. 


: * 


1900 | CURRENT LITERATURE 149 
outcome of his studies upon the ascus, and the conclusions are of great inter- 
est in relation to the problem of the origin of that organ and the group of 
fungi characterized by its presence. Harper studied the sporangium of Syn- 
chitrium, Pilobolus, and Sporodinia, and found the method of cell-division 
essentially similar in all forms. 

The protoplasm of the sporangium becomes divided by “cleavage fur- 
rows" that start from the plasma membrane (//auéschicht) or from vacuoles. 
The cleavage is progressive and gradual, and in large sporangia very irreg- 
ular, separating masses of multinucleate protoplasm of varying sizes. The 
cleavage furrows divide the protoplasm in a manner aptly termed “cleav- 
age by constriction,’ and should be carefully distinguished from free cell 
formation. In cleavage by constriction there can be no epiplasm, and the 
process is initiated from the plasma membranes, either on the outside of the 
sporangium or around the vacuoles. This fact indicates that these two forms 
of plasma membranes are more closely related than may be generally 
believed. 

True free cell formation is illustrated by the development of spores in the 
ascus. Here areas of protoplasm around the nuclei are cut out from the 
general mass of cytoplasm by the activity of the fibrillae of an aster, and such 
fibrille are of course identical with the fibers that make up the spindle of a 
nuclear figure. These fibrille bend down and around the nucleus from the 
center of the aster and cut out a region of cytoplasm, which later becomes 
more definitely bounded by the spore wall. After spore formation there is 
left in the ascus a quantity of epiplasm, which, having no nuclei, must finally 
become disorganized. 

The importance of these investigations to the problems of the relationships 
of ascus and sporangium cannot be stated too strongly. To one who believes 
firmly in the great value of comparative cytological studies as a test of rela- 
tionship between groups of plants, the evidence seems overwhelming against 
the views advanced by Brefeld. It would be almost inconceivable that two 
homologous organs, such as some suppose the sporangium and ascus to be, 
could present protoplasmic activities of such diverse characters. The entire 
trend of cytological phenomena is against such a hypothesis. These investi- 
gations furnish perhaps the most striking instance of the value of cytological 
work as an aid and safeguard in speculation upon problems of plant phy- 
logeny. 


The paper also discusses several other topics of interest and value, but 


the most important conclusions are perhaps those outlined above.—B. M. 
Davis. 


NEWS. 


Mr. T. S. BRANDEGEE spent last September, October, and November in 
collecting plants in Lower California. 


Dr. DouGLas H. CAMPBELL has been spending some time in Berlin, 
and is now in Egypt for the rest of the winter. His address is in care of 
Union Bank, London, 


PROFESSOR W. L. Jepson, of the University of California, has in prepa- 
ration an illustrated book designed to serve as a popular guide to a study of 
the trees of California. Besides the descriptions, it will contain a key to the 
species, based chiefly upon the form of the leaves and other obvious or easily 
determined characters. 


THE EDITOR of £vrythea announces in the December number, part 1 
(received January 17), that with the completion of the seventh volume /7ythea 
will be discontinued. ‘Part 2... . will contain one or two remaining 
articles, Erythea l’envoi, and the title page and index to the current volume. 
This part will be ready within two months, or as soon thereafter as possible.” 


AT A RECENT meeting of the board of trustees of the University of 
Wyoming, the herbarium connected with this institution was officially 
recognized as the Rocky Mountain Herbarium, and the professor of botany 
in the University was named as its curator. In order that this collection of 
plants might be more definitely designated than heretofore, it was deemed advis- 
able to distinguish it by some descriptive name. The above was chosen 
because it expresses the purpose of those who are endeavoring to build it up, 
viz., to make it an accessible and serviceable collection of the plants of the 
Rocky mountains. It is established on such a basis as to insure its perma- 
nency and it is hoped that it will find among the botanists of the mountain 
states so many friends as to insure its rapid development. While it is intended 
to make the collection a general one, plants of economic importance will have 
particular attention, especially forage plants of all kinds, useful and orna- | 
mental trees, shrubs, and herbaceous plants. Parasitic fungi, and, as fast as 
facilities will permit, fleshy fungi, are to be fully represented. Such a col- 
lection will not only be of interest but of real service to the many students 
of Rocky mountain plants, and the cooperation of all botanists and collectors 
is requested. The present collection, nearly 18,000 sheets, is merely the 
nucleus about which the curator hopes to build, but such as it is, it is freely 
at the service of all botanists. 
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AN INTERNATIONAL congress of botanists is to be held at Paris from the 
first to the tenth of October 1goo, in connection with the exposition. The 
committee of organization solicits the support of botanists of all countries and 
desires to have communicated, as promptly as possible, a precise statement 
of the general questions which they desire to have brought before the con- 
gress. It is necessary in order to make the discussions of the greatest profit 
in the limited time that the questions should be studied carefully before 
hand. Some topics which have been proposed already and have been 
approved by the committee are these : (1) monographic studies ; (2) species, 
hybrids and cross-breeds; (3) unification of micrometric measures; (4) influ- 
ence of the nature of the substratum on the development of fungi. The 
president of the committee is M. le Sénateur E. Prillieux; the vice presi- 
dents, MM. Dutailly, Mussat, and Rouy; the general secretary, M. E. Per- 
rot, l’Ecole Superieure de Pharmacie, Paris ; the secretaries, MM. Guérin 
and Lutz; the members, MM. Bescherelle, Bonnier, Bornet, Bourquelot, 
Bureau, Camus, Chatin, Cornu, Drake del Castillo, Franchet, Guignard, Hua, 
Malinvaud, Patouillard, Roze, J. de Seynes, Van Tieghem, and Zeiller. 

All botanists who notify the general secretary of their desire to become 
members of the congress and pay the fee (20 francs) are eligible. The fees 
are to be used to defray the cost of publishing the proceedings. 

Public and general sessions, conferences and collecting trips, displays 
of fungi, and visits to botanical establishments are planned. Only members 
of the congress and delegates of French or foreign governmental depart- 
ments will be admitted to other than the public sessions. Papers to be 
read must be sent (in full or in abstract) to the secretary before September 
15. Speakers will be restricted to thirty minutes, and may not speak more 
than twice on the same question. ‘The official language will be French. 


FROM ADVANCE sheets of the eleventh annual report of the director of the 
Missouri Botanical Garden submitted to the trustees January 10, Igoo, we 
select the following items: 

The decorative features of the garden have been maintained as in previous 
years. In the spring a very small synoptical collection, representative of the 
principal natural orders of flowering plants, was installed in the central part 
of the garden, where it is proposed to continue it as a convenient means of 
enabling teachers in the public schools to demonstrate to their pupils the 
characters of the larger plant groups. The collection embraces 318 species, 
pertaining to as many genera, and representing 100 orders. . . . . The total 
number of species and varieties now in cultivation is 9127, a net gain of 1118. 
1840 plants were presented to schools and charities. . . . . A definite count 
of visitors showed a total of 71,021 for 1899. ... . The herbarium has 
received the most important current collections, particularly those representa- 
tive of the North American flora. In addition to some 5700 specimens, 
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largely of Vermont plants, collected by Dr. Ferdinand Blanchard, received 
in the early part of the year, in December about 8300 specimens were pur- 
chased from the estate of the late Dr. A. W. Chapman, of Apalachicola, 
Florida, of which some 3200 specimens had constituted his personal refer- 
ence collection for many years. About these Dr. Chapman wrote: 

There are about fifty volumes of them, ranging in thickness from one to six inches. 
When I was writing the first edition of my Flora, these sheets were spread out before 
me and the plants now remaining on them are to be considered typical ; but since 
then many have been detached, some to make up the herbarium that I sold to Vander- 
hilt, and some that I sent to you and to Columbia College. Scattered through the 
volumes are my notes, descriptions, etchings, and guesses. 

Neither of these collections has yet been inserted in the herbarium of the 
garden. The material actually incorporated in the herbarium during the 
year amounts to 32,890 sheets. .... The present number of specimens in 
the herbarium is 340,350. . . . . ‘The additions to the library for 1899 include 
642 books and 172 pamphlets. . .. . The manuscript index has been increased 
by the incorporation of 9072 new cards. . . . . Asnowconstituted the library 
contains 14,287 books and 19,175 pamphlets (total 33,462) and 253,757 index 
cards. ... . It is hoped that the publication of a general catalogue of the 
library may be effected in the near future. . . . . There are now received at 
the garden library 978 serial publications, of which g1 are bought and 887, 
issued by 688 institutions, are presented. 
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